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record used by Intr anda MsDos } 


= record 
case Integer of - 
QO: (AX, BX, CX, DX, BP, SI,DI,DS ES,Flaaqas: + 


1: (AL, AH, BL, BH, CL, CH, DL, DH 


UF 


we 


end; 


fe and untyped-file record } 


f record 

Handle: Word; 
Mode: Word; 
RecSize: Word; 
Private: array{1..26)j 
UsexDaceas “Array (loo) 
Bm en = me ere ON. AQ, of 


Program in the 
fast lane with 
Borland’s new 
Turbo Pascal 4 


aS 


The fast lane is fasi 


ur new Turbo 

Pascal® 4.0 is so 

-fast, it’s almost 
reckless. How fast? 
Better than 27,000 lines 
of code per minute. That’s 
much faster than 3.0 or 
any other Pascal compiler 
and the reason why you 
need 4.0 today. 


Pascal. The fastest 
and the best. 


If you're just now 
learning a computer lan- 
guage, learn Pascal. If 
you re already program- 
ming in Pascal, you’re 
programming with a 
winner because Pascal is 
the worldwide language 
of choice. Pascal is the 
most popular language 
in university computer 
science classes and with 
computer enthusiasts 
who appreciate Pascal’s 
modern programming 


ES 


structure. It’s powerful, 
coherent, easy to learn 
and use—and with Turbo 
Pascal 4.0—faster than 
ever before. 


Turbo Pascal: 
Technical excellence 


- Commitment to tech- 
nical excellence and 


COMPILE 
INITHE 


— 


superiority also means 
commitment to detail, 
however painstaking, and 
that takes time. 4.0’s pre- 


‘decessor, Turbo Pascal 


3.0 is the worldwide 
standard, and with Turbo 
Pascal 4.0, we've bet- 
tered that standard. 4.0 is 
clearly the world’s fastest 
development tool for the 
IBM® PS/2 series, PC’s 
and compatibles—and the 
world’s favorite Pascal 
compiler. 


4.0 breaks the 
code barrier 


No more swapping 
code in and out to beat 
the 64K code barrier. 
Designed for large pro- 
grams, Turbo Pascal 4.0 
lets you use every byte of 
memory in your compu- 
ter. You paid for all that 
memory, now you can use 
it freely. 


For the IBM PS/2 and the IBM and 
Compaq families of personal computers 
and all 100% compatibles. 


', I want to upgrade to Turbo Pascal 4.0 
@ and the 4.0 Toolboxes 


Registered owners have been notified by mail. If you are a registered Turbo Pascal user and 
have not been notified of Version 4.0 by mail, please call us at (800) 543-7543. To upgrade if 
you have not registered your product, just send the original registration form from your manual 
and payment with this completed coupon to: 


Pascal 4.0 Upgrade Dept. Name 
Borland International Ship Address 
4585 Scotts Valley Drive City State 


Scotts Valley, CA 95066 
Zip __s Telephone ( ) 


This offer is limited to one upgrade per valid registered product. It is good until November 30, 1987. Not good with any other offer from Borland. Please allow 4 to 6 
weeks for delivery of Toolboxes. 
Outside U.S. make payments by bank draft payable in U.S. dollars drawn on a U.S. bank. CODs and purchase orders will not be accepted by Borland. 


b 
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4.0 uses logical 
units for separate 
compilation 


Pascal 4.0 lets you 
break up the code gang into 
“units,” or “chunks.” These 
logical modules can be 
worked with swiftly and 
separately—so that an 
error in one module is 
seeable and fixable, and 
you're not sent through all 
your code to find one error. 
Compiling and linking these 
separate units happens in a 


flash because your compil- 
ing horsepower is better 
than 27,000 lines a min- 
ute.* And 4.0 also includes 
an automatic project Make. 


4.0’s cursor 
automatically lands. 
on any trouble spot 


4.0’s interactive error 
detection and location 
means that the cursor 
automatically lands where 
the error is. While you're 
compiling or running a 
program, you get an error 
message at the top of your 
screen and the cursor flags 


the error’s location for you. 


4.0 gives you an 
integrated program- 
ming environment 


4.0’s integrated environ- 
ment includes pull-down 


menus and a built-in editor. 


ter than ever betore! 


automatically saved and 
shown in the output 
window. You can Scroll, 
Pan, or Page through all 
your output and know 
where everything is all the 
time. Given 4.0’s integra- 
tion, you can edit, compile, 
find and correct errors—all 
from inside the integrated 
development environment. 


You'll never lose your 
mind, because 4.0 
never loses your place 


Whenever you re-load 4.0, 
it remembers what you and 
it were doing before you 
left. It puts you right back 
in the editor with the same 
file and in the same place 
as you were working last. 


*Run on an 8 MHz IBM AT. 


**if within 60 days of purchase this product does not perform in 
accordance with our claims, call our customer service department, and 
we will arrange a refund. 


All Borland products are trademarks or registered trademarks of Bor- 
land International, Inc. Other brand and product names are trademarks 
or registered trademarks of their respective holders. 

Copyright © 1987 Borland International, Inc. BI 1159 


Your program output is 


. Please check box(es) Sugg. Retail Upgrade Price* Serial No. 
O Turbo Pascal 4.0 Compiler $ 99.95 $ 39.95 
O Turbo Pascal 4.0 Developer’s Library 395.00 150.00 
(Includes Turbo Pascal Tutor and all Toolboxes; must be ordered with Compiler) 
O Turbo Pascal Tutor 69.95 19.95 
O Turbo Pascal Database Toolbox 99.95 29.95 
O Turbo Pascal Graphix Toolbox 99.95 29.95 
O Turbo Pascal Editor Toolbox 99.95 29.95 
Turbo Pascal Numerical Methods Toolbox 99.95 29.95 
O Turbo Pascal Gameworks 99.95 29.95 
Total product amount $ 
CA and MA residents add sales tax § 
Shipping and handling* $ 
Total amount enclosed $ 
Please specify diskette size: O 514” O 3%” Payment: O VISA O MC O Check O Bank Draft 
Credit card expiration date: 
ar Li pe a ab ae hs Sh 


*In US please add $5 shipping for each product ordered or $15 for the Compiler and Developer's Library. Outside US please add $10 shipping and handling for each 
product ordered or $25 for the Compiler and Developer's Library. 


+To qualify for the upgrade price you must give the serial number of the equivalent product you are upgrading. 


CL 12/87 


Now’ the time 
for a fast decision: 
Upgrade now to 40! 


Compatibility with = Interactive error 


Turbo Pascal 3.0 detection/location 
We've created 4.0 to = Includes acommand line 


be highly compatible with version of the compiler 


version 3.0 and includeda_ 4.0 also 
conversion program and = Saves output screen in a 
compatibility units to help window 

you convert all your 3.0 = Supports 25, 43 and 50 


lines per screen 


programs to 4.0. = Generates MAP files for 


; ; debugging 
Highlights of = Has graph units including 
Borland’s new CGA, EGA, VGA, MCGA, 
Turbo Pascal 4.0 3270 PC, AT & T 6300 & 
: , Hercules support 
E ae lines = Supports extended data 
types (including word, long 
_ » Supports >64K programs integers) 

= Uses units for separate = Does smart linking 

compilation = Comes with a free revised 
= Integrated development MicroCalc spreadsheet 


source code 


environment ged 
4.0 is all yours for only $99.95 


Sieve (25 iterations) 


Sieve of Eratosthenes, run on an 8MHz IBM AT 


Since the source file above is too small to indicate a difference in compilation speed we compiled our GOMOKU program from Turbo Gameworks to give 
you a true sense of how much faster 4.0 really is! 


Compilation of GO.PAS (1006 lines) 


[Turbo Pascal 4.0 | ‘Turbo Pascal 3.0 | 

Compilation speed | 2.2 seconds | 3.6 seconds | 

ssa 2 isd a < i eatiel sa rt of 

Lines per minute | 27,436 | 16,750 | 

GO.PAS compiled on an 8 MHZ IBM AT 60-Day Money-Back Guarantee** 
= 


— 


For the dealer nearest 
you or to order call 


(800) 543-7543. 
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Programming in the 1990s 

Where do you think the software industry and programming in 
general are headed over the next 10 years? How will the way we 
design and develop software change? We asked 16 former 
ComputerVisions interview subjects for their opinions and received 
some interesting (and often conflicting) responses. 


Inside OS/2 

by Vaughn Vernon 

As Microsoft’s grandest vision looms on the horizon, this author 
explores OS/2 from the outside in. A general overview shows what 
makes OS/2 different from previous operating systems, and a closer 
look at the system’s services shows why many people think this just 
might be THE operating system of the next decade. 


Languages Past, Present, & Future 

by Dave Taylor 

This look at the evolution of programming languages reveals that 
when it comes to language design, the past very often can predict 
the future. 


Building an Encryption System 

by Peter Wayner 

Using cryptography, automatons, and random numbers, three entirely 
different sections of the math world, the author creates an encryption 
system in BASIC. 
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Synchronization, part Il 

Designing With Data Bases 
Exploring report-generating utilities 
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SPL and SeekEasy 
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Search time and search space 


Exotic Language of the Month Club 
MPS: Designed for business computing 
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@ Logitech’s Modula-2 
g Wolfpak’s TMS 
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g Aldebaran’s SourcePrint 
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We've spent years developing our 
file manager so you wont have to. 


You could invest hundreds of programming 
hours writing a file management system for your 
next application. 

Or you could simply invest in Btrieve? 

And get all the file handling functionality you need,__ 
through subroutine calls from your favorite ~~ 
programming language. 

Portable. Write your application once. 
Wherever Btrieve runs, your application will run, 
whether ina single user or multiuser environment. 
In fact, Btrieve is the standard access to NetWare? 

Fast. Written in assembly language, Btrieve 
uses b-tree indexing algorithms with caching 
and automatic balancing for fast, efficient file 
management. 

Safe. - Btrieve is the only fault tolerant file 
manager with built-in file recovery. In the event 
-of a system or power failure, your database is 
protected. 

Flexible. Develop applications with the 
capabilities you need most. Like 255 open files, 
unlimited records per file, 24 indexes per file, and 


a maximum file size of up to four gigabytes. You 
can access Btrieve from BASIC, C, Pascal, 
COBOL and others. 

Invest in Btrieve. At just $245 for single user 
and $595 for multiuser, it’s a small price to pay for 
all the file manager you'll ever need.* And you'll 
never pay royalties on the applications you devel- 
op. To find out more, see your authorized Novell 
reseller, or call (512) 346-8380. 

For more information, call from your modem 
1-800-444-4472 (8 bit, no parity, 1 stop bit) and 
enter the access code NVBT12. 


For software solutions, 
you should be seeing red. 


*Suggested retail price (US dollars) ©1987 Novell, Inc., World Headquarters, 122 East 1700 South, Provo, Utah 84601 (801) 379-5900 
Requires PC-DOS or MS-DOS 2.X, 3.X or Xenix. 
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Editor’s 
Notes 


he imminence of OS/2 and new 

hardware technology has led to 

uncertainty in our community on 
the direction of the software development 
industry. We thought that now—as we’re 
about to enter a new year—would be a 
good time to reflect on what the future 
holds for programmers and software de- 
velopers. Because COMPUTER LAN- 
GUAGE’s purpose is to provide you with 
tools and information to help you profes- 
sionally, we feel that preparing you for 
the future is part of our job. 

There seems no escaping the eventual- 
ity of OS/2. In this issue, Vaughn Ver- 
non’s “Inside OS/2” thoroughly 
examines the guts of OS/2 and gives you 
a definite idea of what you’ll be working 
with. 

For a broader sense of the future, read 
Dave Taylor’s essay on languages of the 
past, present, and future. Taylor shows 
how historic trends in language design 
provide clues on what’s to come. 

Also looking at the larger picture is 
this issue’s special feature, “Program- 
ming in the 1990s.” Sixteen industry 
leaders—from large software company 
CEOs to critics—express their personal 
views on the typical programmer’s envi- 
ronment in the coming decade. 

For the most part, these experts envi- 
sion the 1990s as a decade when auto- 
mated tools, networked environments, 
and multilanguage programming will im- 


prove the working life of professional 
programmers and developers. 

Rather than turning programmers into 
drones or automatons, the new technol- 
ogies will automate such routine tasks as 
maintenance and testing. Programmers’ 
and developers’ time can be freed up for 
the creative tasks. 

Discussing the vision of these industry 
leaders is a perfect segue into mentioning 
our Software Development ’88 confer- 
ence. Many of them—Charles Duff, 
Richard Gabriel, Bill Gates, Philippe 
Kahn, Charles Moore, P.J. Plauger, Jack 
Purdum, and Terry Winograd—will be 
speaking at the conference, which is 


. sponsored by COMPUTER LAN- 


GUAGE, AI EXPERT, UNIX 
REVIEW, and DATABASE PRO- 
GRAMMING & DESIGN and takes 
place in San Francisco Feb. 17-19, 1988. 
The program has now been finalized: 71. 
speakers will be conducting 90 lectures 
and workshops over the three-day period. 
The conference is filling up quickly so 
I encourage you, if you are interested, to 
call or write us right away. We will send 
you our 20-page SD’88 brochure, which 
describes all the classes being offered in 
the seven tracks: Artificial Intelligence, 
C, Database Design, Design Methodolo- 
gies, Languages, Graphics, and Program- 
ming Tools and Issues. To register or 
receive more information, call Bill Rut- 
ledge at (415) 397-1881, ext. 393, or 
write Bill Rutledge, Conference Regis- 
trar, Software Development ’88, 500 
Howard St., San Francisco, CA 94105. 
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Regina Starr Ridley 
Editor 
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+ Blaise puts the 
Accent on C with 


Enhance your Microsoft C programming environment with 
C TOOLS PLUS/5.0™— a new, quintessential library of C 
‘ions. C TOOLS PLUS/5.0 from Blaise Computing Inc. puts a prime 
quickly building professional applications using the full power of 
C Version 5.0 and QuickC. Now you can concentrate on program 
y by having full control over DOS,;menus, interrupt service routines, 
memory resident programs, printer and keyboard control, and more! 


C TOOLS PLUS/5.0 prebuilt libraries are ready to use 
with either QuickC or the Microsoft C Version 5.0 com- 
mand line environment. Complete documented source 
code is included so that you can study and adapt it to your 
specific needs. Blaise Computing’s attention to detail, like 
the use of full function prototyping, cleanly organized 
header files, and a comprehensive, fully-indexed manual, 
makes C TOOLS PLUS/5.0 the choice for experienced 
developers as well as newcomers to C. 


Continuous refinement of Blaise Computing’s library 
products has produced a collection of tools that are 
unsurpassed for reliability, functionality and ease of use. 
Built upon the widely acclaimed C TOOLS PLUS, 
C TOOLS PLUS/5.0 includes such highly-developed 


INTERVENTION CODE 

— Schedule C functions at specified times, inter- 
vals or with a “hot key’ NEW! _ 

— Take full advantage of DOS, even from memory 
resident programs. NEW! 

FAST DIRECT VIDEO ACCESS 

— All monitors, even EGA 43-line mode. 

@PRINTER CONTROL 

— Access BIOS print functions. NEW! 

— Control the DOS PRINT utility. NEW! 

UTILITIES AND MACROS 


TS, cursor memory. 

} input, formatted output. 

” window-oriented output. NEW! 

INTERRUPT SERVICE ROUTINES 

— Capture DOS critical errors and keystrokes. 

— Install hardware interrupt handlers. 

RESIDENT SOFTWARE SUPPORT 

— Install, detect and remove memory resident 
programs. 


@MENUS — Take advantage of DOS file structure. 
— Horizontal and pulldown. — Manipulate data types, far & near pointers. NEW! 
NEW! — Access any memory areas with fast “peek” and 


— Lotus-style support. NEW! “poke” macros. NEW! 


C TOOLS PLUS/5.0 supports the Microsoft C Version 5.0 and QuickC 
compilers, requires DOS 2.00 or later and is just $129.00. 


C ASYNCH MANAGER™ Version 2.0 IMPROVED! 


C ASYNCH MANAGER is a library of functions designed to help you 
incorporate asynchronous communication capabilities into your 
application programs. Version 2.0 has been rewritten especially for 


$275.00 
Gen n control; paint screens; block 
mode data entry or field-by-field control with 
instant screen access. For C or MS-Pascal. 


Turbo C TOOLS $129.00 


Windows; ISRs; intervention code; screen 
handling and EGA 43-line text mode support; 
direct screen access; DOS file handling and 
more. For Turbo C. 


Turbo POWER SCREEN 

COMING SOON! General screen manage- 
ment; paint screens; block mode data entry 
or field-by-field control with instant screen 
access. For Turbo Pascal. 


Turbo POWERTOOLS PLUS $129.00 
Screen and window management including 
EGA support; DOS memory control; ISRs; 
scheduled intervention code; and much more. 
Now supports Turbo Pascal 4.0! 

$129.00 


Turbo ASYNCH PLUS 
Interrupt driven support for the COM ports. 
I/O buffers up to 64K; XON/XOFF; up to 
9600 baud; modem and XMODEM control. 
Now supports Turbo Pascal 4.0! 


PASCAL TOOLS/TOOLS 2. $175.00 
Expanded string and screen handling; graph- 
ics routines; memory management; general | 
program control; DOS file support and more. 


For MS-Pascal. 
ASYNCH MANAGER $175.00 


Full featured interrupt driven support for the 
COM ports. I/O buffers up to 64K; XON/ 
XOFF; up to 9600 baud; modem control and 
XMODEM. For MS-Pascal. 

$49,95 


KeyPlayer 
“Super-batch” program. Create batch files 
which can invoke programs and provide 
input to them; run any program unattended; 
create demonstration programs; analyze key- 
board usage. ‘ 


EXEC $95.00. 
NEW VERSION! Program chaining execu- 
tive. Chain one program from another in dif- 
ferent languages; specify common data areas; 
less than 2K of overhead. 

RUNOFF 349,95 


Text formatter for all programmers; flexible 
printer control; user-defined variables; index 
generation; general macro facility. Crafted 
in Turbo Pascal. 


LIGHT TOOLS $99.95 
Windows; ISRs; EGA 43-line text mode; 
direct screen access; DOS file handling and 
more. For the Datalight C compiler. 


TO ORDER CALL TOLL FREE 
800-333-8087 


Blaise computing Inc. hasafullline of support 4 — . <idents 
products for both Pascal and C. Call today for your 4 Che shipping 


free information packet. i 


2560 Ninth Street, Suite 316 Berkeley, CA 94710 (415) 540-5441 
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Microsoft C Version 5.0 and Borland’s Turbo C. Simultaneous oon 
_ buffered input and output to both COM ports at speeds up to —_— i 
9600 baud, XON/XOFF protocol, modem con- 5 Sy Eat fr ere oats 1 
trol and XMODEM file transfer are among _ _ Lb -=-=-"" ihe prime ace’ oy oducts: 
the many features supported and is priced at T Yes Send © fOr — ation OY 4 94.00 for 
just $175.00. closes : ee omestic : 
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Microsoft Corpor 
_ isa trademark of Microsoft Corporation. 
is a registered trademark of Borland It 


__ RESIDENT EXPERT Pop-up Reference Guides... 


RESIDENT EXPERT (tn) 
MS-C Version 5.6 


ii #include <stdio.h> 


_ char *fgets(str,cnt,strean): 


This function reads a string fron 
the input strean specified by — 


Try One And Get Our MS-DOS/PC-DOS Guide 


THE POP-UP REFERENCE 
REVOLUTION BEGINS 


How much development time could you save if 
you never had to open another PC language or 
technical reference manual again? What if you 
could just point at a compiler keyword, assembly 
instruction, or function name on your screen and 
with a keystroke have complete, authoritative 
information about language syntax, operands, 
parameters, examples, and much more? 


INTRODUCING THE RESIDENT 
EXPERT SYSTEM 


A growing library of comprehensive, disk 
‘resident reference guides about the PC and your 
favorite PC languages. All available instantly 
through our unique memory resident pop-up 
access system. 


VIRTUALLY EVERYTHING YOU 
NEED TO KNOW 


Each of our Compiler Reference Guides con- 
tains virtually everything you need to know to 
program with your preferred implementation 
of your favorite language. Language syntax, 
all library functions, compiler directives, and 
error codes are thoroughly documented. 


Our PC Programmer's Reference Guide 
documents every PC (and AT) processor 
instruction.and every BIOS and DOS service 
interrupt. Youll also find tables of keyboard 
codes, line drawing. ASCII, and IBM character 
sets, and much more. 


THE SPECIALIST’S LIBRARY 


Your compiler is unique. That's why our 
reference guides are specialized..each one 
designed for a particular vendors language 
implementation. 


Absolutely FREE! 


Free With Any Purchase! 


Our Companion Pop-up GuideTo 
MS-DOS3.2/PC-DOS 3.3 


Limited Time Offer 


QUICK DRAW ACCESS SYSTEM 


Point-and-shoot...just place the cursor over any 
term on your screen. Chances are we've got it 
fully detailed in one of our data bases. 


Fully cross indexed...if the instruction or library 
function you re using isn't quite right, our related 
topics cross index can help you find a better one. 


Multiple volumes on line...you can have one or 
a dozen of our pop-up reference guides on 
line...a complete library available instantly. 


THE INFORMATION YOU 
NEED...WHERE YOU NEED IT 


Our pop-up shell varies its size and shape 
dynamically, only taking as much space on your 
screen as it needs and it never covers your 
working area. You can see your work and our 
reference data at the same time. 


The RESIDENT EXPERT System 


Resident Expert is a trademark of The Santa Rita Company. Borland, Turbo C, Turbo Pascal, and Turbo Prolog are trademarks of 


A COMPLETE LIBRARY...STILL 
ONLY A BEGINNING 


At Santa Rita, our commitment is to provide the 
most accurate, extensive selection of PC 
language reference materials available. If you 
don’t see one of our guides for your favorite 
language or compiler listed below don’t worry. 
we re probably working on it! 


PC Programmer's Reference Guide... $59.00 
(with Assembly Language Guide) 


Borland Aurore ci Oj ston me maaan 59.00 

Borland Turbo Pascal (3.0 and below)..... §9.00 
(with Graphics & Numerical Methods Toolbox) 

Borland Turbo Prolog (7.1 and below)..... 59.00 
(with Prolog Toolbox) 

‘Lattice C Compiler (3.2 and below)....... 59.00 

Mark Williams LetsC (4.0 and below)..... 59.00 

Microsoft C Compiler (5.0 and below)..... 59.00 


SantaRita 


For the location of your nearest Santa Rita 
Software dealer, or to order direct, call us at 
1-214-727-9217. Wed like to hear from you. 


Santa Rita Software 
1000 E. 14th Street, Suite 365 °* 
Plano, Texas 75074 


Borland International Inc. {BM and PC-DOS are trademarks of International Business Machines Corporation. Lattice C isa 
trademark of Lattice Inc. LetsC is a tlademark of Mark Williams Company. Microsoft and MS-DOS are trademarks of Microsoft 


Corporation. 
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FEEDBACK * 


Beans to grind 


Dear Editor: 

I am writing in regard to Dale Par- 
son’s “The Five Dining Philosphers: A 
Scheduling Problem in Modula-2” 
(COMPUTER LANGUAGE, Sept. 
1987, pp. 34-46) and R.C. Holt’s “Tur- 
ing: More powerful than Pascal” (Exotic 
Language of the Month Club, COM- 
PUTER LANGUAGE, Sept. 1987, pp. 
87-92). 

I have been working in both Turing 
and the enhanced version known as Tur- 
ing Plus, which includes features such as 
the concurrency demonstrated in Par- 
son’s article. I feel that Turing imple- 
ments concurrency and mutually 
exclusive access to data better than Mo- 
dula-2. As evidence, I offer a solution to 
the same problem presented in your 
magazine (Listing 1). You will notice 
that it is both shorter and quite a bit 
easier to follow. 

I have restricted my own implementa- 
tion to be as close as possible to the one 
given in the article, although this re- 
quired stripping deadlock prevention 
from a previous version. As a result, my 
version allows deadlock. 

The only major variation from the ex- 
ample presented in your magazine occurs 
when the philosophers deadlock; all hold- 
ing one fork and waiting for a second. In 
this case, I allow the Turing Plus run- 
time system to detect the deadlock and 
produce a diagnostic that identifies the 
process instantiations and where they are 
waiting. 

Turing Plus implements mutually ex- 
clusive access to data and routines 
through monitors based on a design by 
C.A.R. Hoare. A maximum of one pro- 
cess can execute code within a monitor at 
one time. Other calls to monitor entry 
points are placed on a queue until the 
currently active process either exits the 
monitor or explicitly waits on a condition 
queue. 

Listing 1 demonstrates this. Forks are 
shared among the philosophers, and only 
one philosopher can use a fork at any 
time, which makes the forks a critical re- 
source. Philosophers get and return forks. 
These actions then become the entry 
points to the monitor that protect the 


critical information telling us when a 
fork is in use. 

Also within the monitor is a list of 
condition queues, one for each fork. - 
When a philosopher tries to get a fork 
that*is already in use, the philosopher 
must wait until the fork becomes avail- 
able. Similarly, when a philosopher is 
done with a fork, it is made available Artwork: Anne Doering 
and the condition queue is signaled so 


randomize % reinitialize the random number generator each run 
const *numPhilosophers := 5 % maximum number of philosophers 
monitor Table % mutually exclusive access to forks 
export unqualified GetFork, 
unqualified GiveFork 
var ForkInUse : array 1..numPhilosophers of boolean % indicate fork in use 
for i : 1..numPhilosophers 
/* initially all forks are free */ 
ForkInUse(i) := false 
end for 
var ForkQueue : array 1..numPhilosophers of condition 
/* Each philosopher brings one fork to the table and needs 
* two forks to eat. GetFork accesses the specified fork 
* by seeing if it is in use (and waiting for it to be freed 
* if it is in use) and then marking it as being used. GiveFork 
* marks a fork as being available again and signals someone 
* waiting for that fork that it is now available 
*/ 
procedure GetFork(Fork: 1..numPhilosophers) 
post ForkInUse(Fork) 
if ForkInUse(Fork) then 
wait ForkQueue(Fork) 
end if 
assert net ForkInUse(Fork) 
ForkinUse{Fork) := true 
end GetFork 
procedure GiveFork(Fork : 1..numPhilosophers) 
pre ForkInUse(Fork) 
ForkinUse(Fork) := false 
signal ForkQueue(Fork) 
end GiveFork 
end Table 
const numBites := 25  % number of bites required to finish the meal 
const maxThinkTime := 5 % maximum number of seconds the philosopher will think 
const maxBiteSize := 10 % maximum number of seconds the philosopher will eat 
/* This process will be activated for each philosopher. It repeatedly 
* consumes a random number of bites after following this sequence: 
* think, get left fork, think, get right fork, eat, return forks 
* This continues until all the food is consumed (unless deadlock occurs 
* with each philosopher clutching exactly one fork. 
+f 
process Philosopher (phil : 1..numPhilosophers) : 
var bitesLeft -= numBites 
loop % activities that form a single bite 
/* think before first Fork */ 
var thinkTime : int 
randint(thinkTime, 1, maxThinkTime) 


Listing 1. (Continued on following page) 


potas 
real-time problem 
that’ 100000 
instructions old. 


It happens all too often. You keep in question. Better yet, the high- 
experiencing a real-time interrupt level and assembly-level traces are 
service problem whose source ist a : 2 on tale cee time-aligned. 
may have occurred up to 100,000 = S| Se fnetios ae So Context Trace not only 
instructions ago. toledo ooo” \ shows you how the problem oc- 
But where? Unfortunately, curs in real-time, but also lets 
most real-time trace instru- you trace back through as much 
ments let you go back just a high-level execution as needed 
few thousand instructions, at to find the origin of the 
most. Usually not enough to problem. 
_ uncover the problem. And the SAW isn’t limited 
Finally, there’sa simple to Context Trace. You also get 
way to trace the answer: The performance analysis, code 
Software Analysis Work- coverage analysis and 
station™ (SAW) from NWIS. 7 oe = multi-processor trace. All 
One of the SAW’s many features is Context Trace™ It allows these tools are compiler/assembler and host development com- 
a real-time trace of high-level events, such as procedure entries. puter independent. 
and exits, line numbers, global variables or any other symbolic The SAW is already producing dramatic results for software 
events. This selective event capture allows you to trace very large engineers around the world. Let us connect the SAW to your 
execution windows. In most cases, you can see a high-level trace __target system and you'll see why. For an one: 
that is the equivalent of more than 100,000 assembly instructions. on-site demo and free applications 
Once this high-level symbolic trace encounters the event library, phone: 
associated with the onset of the problem, it triggers a state 1-800-547-4445 
analyzer which then displays an assembly-level trace of the code 


ANVZS 


NORTHWEST INSTRUMENT SYSTEMS, INC. 
PO. Box 1309 * Beaverton, OR 97075 © 1-800-547-4445 
AUSTRIA, 0222-253626 BELGIUM: 02-2418130 DENMARK, 05-611100 FINLAND: 0-5284316 FRANCE: 014-5347535 or 016-9070935 ISRAEL: 03-403373 ITALY: 02-470646 THE NETHERLANDS: 01720-43221 
_____ NORWAY. 02-789460 SPAIN: 01-4558112 SWEDEN: 08-7390045 SWITZERLAND: 01-7231410 UNITED KINGDOM: 06284-4426 NWIS-USA: 503-690-1300 WEST GERMANY. 089-858020 
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nenory orite. 
nenory write. 


the waiting philosopher in turn will be- 
come active and access the fork. 

The implementation presented has a 
few small improvements over the exam- 
ple presented in the original article. For 
instance, it demonstrates the use of pre 
and post assertions that help check con- 
sistency at run time. It also demonstrates 
the clearly superior input/output mecha- 
nisms of the Turing family of languages. 

Stephen Perelgut 
Computer Systems Research Institute 
Toronto, Ont. 


Author Dale Parson responds: It is in- 
structive and important to note that 
comparing the Turing Plus and Modula- 
2 implementations of the Five Dining 
Philosophers is (to extend the dining 
metaphor) a bit like comparing prepack- 
aged tofu to bulk soybeans. Using the 
former is quicker and cleaner for the 
consumer, but at some point somebody 
had to clean and grind beans. The Mo- 
dula-2 program was in part a lesson in 
bean grinding. Note that the same could 
be said in comparing Modula-2 and as- 
sembly language, so we are obviously 
dealing with a continuum of language 
facilities. 

Part of Niklaus Wirth’s expressed in- 
tention in providing Modula-2 was to 
make available a base language contain- 
ing the tools with which operating sys- 
tem constructs could be implemented. In 
the spirit of Pascal, he intentionally did 
not incorporate a bristling array of fea- 
tures into this base language; the avail- 
ability of modules which can extend the 
language capabilities makes such ac- 
tions unnecessary. 

The Turing Plus implementation is 
certainly the shorter, but comparable 
brevity could have been achieved by de- 
leting the scheduler code and documen- 
tation from the Modula-2 version. The 
Modula-2 program was intended to il- 
lustrate the inner workings of a simple 
special-purpose scheduler and interrupt 

‘ handler. Alternatively, a more powerful 
and general scheduling mechanism, com- 
plete with monitors, could have been im- 
plemented using modules, but 
unfortunately the listings would have 
filled the entire September issue of 
COMPUTER LANGUAGE 

Perhaps more importantly, the seman- 
tics of schedulers and monitors are far 
from being cast in concrete.'~* For in- 
stance, the question of which process 
waits in a queue and which executes in a 
monitor when a process executing in the 
monitor signals a’ waiting process was 
settled differently by-Hoare' and Brinch 
Hansen’. By making monitors a feature 
of Turing Plus, the lariguage designers 
make a design decision at once both 


put “Philosopher ”, phil, ” will think for ”, thinkTime, ” seco ids 


pause thinkTime 


put "Philosopher ”, phil, ” has completed thinking.” 
/* get left Fork - one philosopher brought to the table */ 
put “Philosopher ”, phil, “ reaching for left Fork.” 


GetFork(phil) 


put "Philosopher ”, phil, ” has obtained left Fork.” 
/* think a bit more before getting the next Fork */ 


randint(thinkTime, 1, maxThinkTime) 


put "Philosopher ”, phil, ” will pause for ”, thinkTime, ” seconds.” 


pause thinkTime 


put “Philosopher ”, phil, ” has completed pausing.” 

/* get right Fork - one the nextdoor philospher brought */ 
put “Philosopher ”, phil, ” reaching for right Fork.” 
GetFork(phil mod numPhilosophers + 1) 

put “Philosopher ”, phil, ” has obtained right Fork.” 


/* time to eat */ 
var biteSize : int 
randint(biteSize, 1, maxBiteSize) 


put “Philosopher ”, phil, ” will eat for ”, biteSize, ” cookies.” 
* piteSize -= min(biteSize, bitesLeft) % can only eat what’s there 

pause biteSize % one second per bite - chewing 30 times :-) 

put “Philosopher ”, phil, ” has completed eating.” 


/* give back the Forks */ 
GiveFork(phil) 


GiveFork(phil mod numPhilosophers + 1) 


bitesLeft -= biteSize 
exit when bitesLeft = 0 


put "Philosopher ”, phil, ” has ”, bitesLeft, ” cookies left to eat.” 


end loop 


put "Philosopher ”, phil, ” has completed his meal.” 


end Philosopher 
for i : 1..numPhilosophers 


fork Philosopher(i) % start up each philosopher in turn 


end for 


Listing 1. (Continued from preceding page) 


LALR 3.0 is a complete 
LALR(1) parser generator. 

It’s fast, powerful, and easy to 
use. So, if you’re developing 
a compiler, translator or 
language interface, you want 
LALR. 

If you just want to learn about 
language translation and 
state-of-the-art parsing 
technology, you want LALR. 


“unbelievably fast ... can 
handle very large grammars” 
COMPUTER LANGUAGE MAG., DEC. 1985 


LALR generates parsers 


for ADA, BASIC, C, Pascal, Modula 2, SQL, 
dBASE, C++, 386 Assembly, FORTRAN... 


LALR 3.0 includes: 

W Grammars for ADA, 
BASIC, Turbo Pascal and 
Turbo C. 

Wi Parser skeleton source code 
with error recovery written in 
C language.* 

Mi Lexical scanner, syntax 
checker and calculator source 


code in C. 
‘99 


714-832-LALR ~ 


60-DAY 
MONEY-BACK 
GUARANTEE 


Cv LALR Research « 1892 Burnt Mill * Tustin, CA 92680 


* Parser skeletons may be written in other languages. 
Requires: DOS 2.0 or later, 256K or 512K for large grammars. Overseas orders: Add *10.00. 


powerful and restrictive: it becomes 
impossible to modify the definition of 
monitors without modifying the seman- 
tics of the language. Such design deci- 
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hen it comes to maintaining their most 
valuable asset, the leading software 


publishers rely on the POLYTRON Version Con- ° 


trol System (PVCS). From accounting firms to 
airlines, the leading service companies depend 
on PVCS to maintain the integrity of their pro- 
grams. Leading manufacturing companies use 
PVCS to maintain their state-of-the-art software. 
Leading high technology companies turn to 
PVCS to handle configuration management for 
software projects that represent an investment 
of hundreds of thousands of dollars. The largest 
aerospace companies and defense contractors 
use PVCS to maintain integrity of projects during 
development and after delivery of software. 
Independent programmers use PVCS to 
improve their productivity and software quality 
for themselves and their clients. 


Simplify 
Configuration Management 
When large and complex software programs are 
being developed on personal computers or VAX 
minicomputers, effective management of the 
revisions and versions becomes critical. PVCS 
simplifies this process and lets you effectively 
control the proliferation of code changes. We 
used UNIX SCCS and RCS as models. How- 
ever, Our Own experience, and the input of 
hundreds of programmers and managers has 
enabled us to significantly improve upon these 

models. 


PVCS provides many 
powerful functions including: 
e Storage & Retrieval of multiple revisions of text. 
¢ Maintenance of acomplete history of changes. 
© Maintenance of separate lines of development 
using branching. 
e Merging simultaneous changes. 
e Resolution of Access Conflicts. 


° Modules can be retrieved by their own revision 
number, system version name, or specified 
date. - 


e Uses “reverse deltas” to rebuild.a prior version 
making PVCS the fastest version control 
system over the project life cycle. 


° Projects already under developmentor in the 
maintenance stage can be easily put under the 
control of PVCS. 


Manages Development On 
Local Area Networks 


Programming teams using Local Area Networks 
depend on PVCS to help the managers and 
team members work together. In fact, Novell and 
3Com themselves depend on PVCS to manage 
the versions of their own network software 
products. 


Supports MS-DOS 
and VAX/VMS Development 


Now, companies that develop software on VAX 
systems running VMS can also use PVCS. And 
since the VMS and MS-DOS versions of PVCS 
use the same “logfile” format, you can easily 
develop software on PCs and maintain the code 
on the VAX or vice versa. The menu-driven, 
screen-oriented interface (and optional 
command-driven interface) makes it easy for 
programmers and librarians or administrators to 
use PVCS on aPC or VAX or both systems. 


~ PVCS Maintains System 


Integrity 
PVCS prevents corruption of code that could 
ordinarily result from security breaks, user care- 
lessness or malfunctions. The levels of security 
can be tailored to meet the needs of your project. 


PVCS & PolyMake 
Work Together 


PolyMake, the leading MS-DOS make utility, is 
now available for the VMS operating system. 
This allows you to write makefiles that will func- 
tion in both PC and VAX environments. Addition- 
ally, PolyMake reads time & date stamps of PVCS 
archives for fast, accurate program rebuilding. 


PVCS and PolyMake Maintain 
Source Code Written In 
Any Language. 


Only PVCS meets the needs of independent 
programmers and corporations. Once you stan- 
dardize on PVCS, the archives used totrack and 
monitor changes are interchangeable between 
any PVCS product. You will receive full credit for 
your initial purchase if you upgrade to a higher- 
priced MS-DOS version of PVCS. 


Personal PVCS — Offers most of the power and 
flexibility of Corporate PVCS, but excludes the 
features necessary for multiple-programmer 
projects. : 


Corporate PVCS — Offers additional features to 
maintain source code of very large and complex 


projects that may involve multiple programmers. 
Includes multi-level branching to effectively main- 
tain code when programs evolve on multiple 
paths (e.g. new versions for different host 
systems, or anew program based on an existing 
program). 


Network PVCS — Extends Corporate PVCS for 
use on Networks. File locking and security levels 
can be tailored for each project. 


PVCS for VAX systems — Requires VMS. Uses 
the same interface and archive format as MS- 
DOS version. Supports branching and offers file 
locking and other security features for multiple- 
programmer projects. 
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The Preferred 
Version Control System 


The customers listed below are just a few of the 
innovative leaders that have made PVCS the 
leading version control program for personal 


computers. 


Alcoa Aluminum 

Arthur Anderson 

AT&T 

Ashton-Tate 

Bank of America 

Bell Labs 

Bendix 

Boeing 

CIGNA 

Citibank 

3Com 

Colonial Penn 
Commerce Clearing House 
Control Data Corp. 
Corvus 

Cx! 

Digital Equipment Corp. 
Deloitte Haskins + Sells 
Diebold 

Dow 

Dunn & Bradstreet 

EDS 

Educational Testing Service 
E-Systems 

Equitable Life 

Federal Express 

First Boston 

Ford 

Fox Software 

Fujitsu 

GTE 

Hardees 
Hewlett-Packard 
Honeywell 

Hughes Aircraft 

IBM 

Industrial Networking 
Intel 


MS-DOS" 
PC/XTIAT 


Micro VAX II 


ISC Aerospace 

IVAC 

Javelin 

Lattice 

Lawrence Livermore 
Lotus 

McData Corp. 
McDonnell Douglas 
Mead Data Central 
MIT Lincoln Labs 
Nastec 

Novell 

NCR Technologies 
Pitney Bowes 
Plexus Computers 
Price Waterhouse 
ROLM 

Rockwell International 
Safeco 

Sears 

Security Pacific 
Sperry 

Software Publishing 
Spacelabs 
Standard Oil 
Standard & Poors 
Tandem 

Tektronix 

Telex 

Texas Instruments 
Touche Ross 

Unisys 

United Airlines 
United Parcel Service 
United Technologies 
U.S, West 
Westinghouse Electronics 
Xerox 


VAX 8xxx 


Personal PVCS | $149 


Corporate PVCS | $395 


ag 


Network PVCS $995** 


PolyMake 


$10,500+ 


Network 
PolyMake 


| $2,500+ 


*Compatible with MS-DOS 2.0 through 3.3. 
Compatible with the IBM PC/XT/AT & other 


MS-DOS PCs. 


**5 Station LAN License. Call for pricing 


on larger Networks. 


TO ORDER: 
VISA/MC 1-800-547-4000. 
Dept. No. 350. 

Oregon & Outside USA call (503) 645-1150. 
Send Checks, PO.s to: POLYTRON 
Corporation, 1815 NW 169th Place, 

Suite 2110, Beaverton, OR 97006. 


OLY | ROSe=_ 


High Quality Software Since 1982 


sions inevitably must be made, and these 
decisions invariably will involve trade- 
offs among power, generality, and 
flexibility. 

I agree that the I/O interface of Mo- 
dula-2 is unfortunate in its clutter, but 
such a condition is due to the combina- 
tion of separation of I/O operations 
from the base language, coupled with 
the lack of procedure and operator pa- 
rameter type overloading. Again a trade- 
off was involved in a design decision, 
and in this case simplicity of language 
definition won out over elegance of use. 
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A nomadic critique 


Dear Editor: 

I read "Fourth generation languages” 
(Designing With Data Bases, COM- 
‘PUTER LANGUAGE, Oct. 1987, pp. 
25-34) to get some new insights into the 
world of fourth generation languages. I ° 
have been involved in end user comput- 
ing for the last six years and have used 
NOMAD2? extensively. 

The NOMAD? report example given 
does little to illustrate the benefits of us- 
ing a fourth generation language. I real- 
ize that special report requirements may 
necessitate some third generation type 
programming; this is rarely necessary us- 
ing NOMAD2. 

The NOMAD? code shown was writ- 
ten in a way that bypasses the advan- 
‘tages built into the language. Any 
NOMAD? report program that usés the 
TITLE command to set up column head- 
ings will be difficult to follow and even 
harder to modify. The fact that it took 
six hours to code implies that the user 
spent a large part of that time format- 
ting the report without letting the report 
generator function to its full capacity. 

I am sure the author used whatever 
examples were available to him. The 
NOMAD? example used did little to 
demonstrate the excellent report genera- 
tion features available with this package. 

Stephen O'Malley 
Nynex Corp. 
White Plains, N.Y. 


Columnist Matthew Rapaport responds: 
NOMAD2’s LIST processor can indeed 
be simple to use, especially for columnar 


and some types of cross-tabulation re- 
ports. Literature on fourth generation 
languages is typically filled with such 
examples. I chose the example I used in 
order to illustrate that it isn’t always 
that way. The report produced by that 
example was not columnar, but a sum- 
mary sheet with totals arrayed in specif- 
ic locations on the page. It could not 
have been done in a simple way. 

As for the frequency of requirements 
for such reports, it depends very much 
on your business. Where I work, 30% - 
40% of the reports produced by NO- 
MAD2 are of a complex nature, 
including bills, checks, statements, and 
such summaries as I used in my 
illustration. 


“Simply the BeshJext Edita 


SORRY 
JOHN 
BUT... 


you ca 


Legal clarification 


In “Jeff Garbers and the ergonomics of 
software,” Computer Visions, COM- 
PUTER LANGUAGE, Oct. 1987, pp. 
79-86), it was incorrectly stated that 
SoftKlone Distributing Corp. of Talla- 
hassee, Fla., won the copyright suit that 
was brought against it by Digital Com- 
munications Associates. Rather, the 
court decided in favor of DCA, ruling 
that SoftKlone had violated copyrights 
on the screens in DCA’s Crosstalk XVI 
communications program and ordering 
SoftKlone to stop selling their Crosstalk 
look-a-like, Mirror, until the company 
changed that program’s screen displays. 


b uy. a 
Dvorak, on BRIEF 


MUITLEDIT 
BLOWS BRIEF 
AWAY! 


VERSION 2.0 


DON’T - settle for an editor that only supports C! 


Edit 20+ files larger than memory — 


Online help 
Online tutorial 


Function Key assignments label fed on soreen 
WP Functions > 
Complete DOS shell 


FINALLY, | 
the power of a programmable editor like BRIEF without the HEADACHES! 


Powerful high level macro language — 


Choice of keystroke commands or menu system 


Pop-up Programmers Calculator and ASC ae 


+ settle for an editor that lacks complete WP functions to handle all your documentation needs! 
- settle for an editor that forces you to read the manual to figure out how to get on-line HELP! 
+ settle for an editor with a cryptic, unconventional macro language syntax! 
Multi-Edit’s intuitive user interface lets you start productive editing IMMEDIATELY! 
You needn’t even pick up the manual! 


| tet 


Extensive 
Yes 
Yes 
Yes 


Limited 


Unlimited ‘Off the Cuff’ keystroke macros _ 
Completely reconfigurable . 


within editor 


Flexible condensed mode display = 


Awkward 


_Allocates all available memory to compiler wen run fan 


intelligent indenting, template editing and Gite oan) 
block matching and checking for all major languages _ : 


te 


Optional on communications and Spel 
Checker modules : 


Plus Multi-Edit has: Line and column-oriented block operations, regular expression search and replace, 43-line EGA mode support, flexible print 
formatting and control, full undo, line drawing, And MUCH, MUCH MORE! 


Multi-Edit Combines POWER with EASE of USE like no other editor on the market! 


e Get our FULLY FUNCTIONAL DEMO Copy for only $10! © 
To Order, Call 24 hours a day: 1-800-221-9280 Ext. 951 ¢ In Arizona: 1-602-890-1166 
Credit Card and COD orders accepted 
AMERICAN CYBERNETICS - 138 Madrid Plaza, Mesa, AZ 85201 
Requires IBM PC/XT/AT/PS2 or fully compatible, 256K RAM, PC/MS-DOS 2.1 or later. Multi-Edit and American Cybernetics are 


trademarks of American Cybernetics. BRIEF is a trademark of Underware, Inc. 


Copyright 1987 by American Cybernetics. 
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Our thanks to NASA for supplying this computer enhanced ultraviolet photo taken by Skylab IV of a solar prominence reaching out 350,000 miles above the sun’s surface 


Genius Begins ssi A Great Idea... 


What follows is the time consuming task of giving 
form and function to the idea. 

That’s why we concentrate on building into our soft- 
ware development systems functions and features 
that help you develop your software ideas in less time 
and with less effort. 

We've started 1987 by releasing new versions of 
our MS-DOS, Macintosh, Amiga, ROM, and Apple // 
C development systems. Each system is packed with 
new features, impressive performance, and alittle bit 
more genius. 


Superior performance, a soaewilte new array of fea- 
tures and utilities, and pricing that is unmatched 
make the new Aztec C86 the first choice of serious 
software developers. 


Aztec C86-p Professional System .. . .$199 
° optimized C with near, far, huge, small, and large 
memory + Inline assembler + Inline 8087/80287 + 
ANSI support + Fast Float (32 bit) + optimization 
options ¢ Manx Aztec 8086/80x86 macro assembler 
e Aztec overlay linker (large/small model) ° source 
level debugger ¢ object librarian ¢ 3.x file sharing & 
locking ° comprehensive libraries of UNIX, DOS, 
Screen, Graphics, and special run time routines. 


Aztec C86-d Developer System...... $299 
e includes all of Aztec C86-p © Unix utilities make, 
diff, grep ¢ vi editor © 6 + memory models ¢ Profiler. 


Aztec C86-c Commercial System. ... .$499 
¢ includes all of Aztec C86-d ¢ Source for library rou- 
tines e ROM Support ¢ CP/M-86 support One year 
of updates. 
Aztec C86 Third Party Software 

A large array of support software is available for 
Aztec C86. Call or write for information. The follow- 
ing is a list of the most requested products: e Es- 
sential Graphics e C Utility Library e Curses e 
Greenleaf Communication, General, and Data Win- 
dow e Halo e Panel+ e PC-lint © PforCe e Pre-C e 
Windows for C e Windows for Data e C terp e 
db_Vista e db-Query e Phact e Plink-86 Plus © c- 
tree © r-tree e Pmate 


C Scie 8080/Z80 assembler linker, librarian 
UNIX libraries, and specialized utilities. 


Aztec C ll-c (CP/M-80 &ROM)........ $349 
Aztec Cll-d (CP/M-80)...-........00. $199 
Aztec C80 (TRS-80 384) ..........0. $199 


# cludes: all of Aztec C68k/Am-p @ 


ga Release 


Amiga user groups a across the USA voted Aztec 
C68k/Am release 3.3 the best Software Development 
System for the Amiga. Release 3.4 is more impres- 
sive. 


Aztec C68k/Am-p Professional ...... $199 
A price/feature/performance miracle. System in- 
cludes: optimized C © 68000/680x0 assembler 
68881 support © overlay linker ¢ UNIX and Amiga 
libraries ¢ examples. 


Aztec C68k/Am-d Developer ........ $299 
The best of Manx, Amiga, and UNIX. System in- 
the Unix utilities 
make, diff, grep and vi. 


Aztec C68k/Am-c Commercial....... $499 
Aztec C68k/Am-d plus source for the libraries and 
one year of updates. 


For code alti reliability and solid professional 
features, Aztec C for the Macintosh is unbeatable. 
This new release includes features and functions not 
found in any other Macintosh C development system. 


Aztec C68k/Mac-p Professional...... $199 
e MPW source level compatibility ¢ TMON, 
MACSBUG, AND MACNOSY support ¢ pow- 
erful symbolic debugger e optimized C e 
68000/680X0 assembler e 68881, EEE, and 
SANE support e overlay linker e UNIX and 
Macintosh libraries e mouse editor e examples 


Aztec C68k/Mac-d Developer........ $299 
The best of Manx, Macintosh, and UNIX. System in- 
cludes: all of Aztec C68k/Am-p © the Unix utilities 
make, diff, grep ¢ vi editor. 


Aztec C68k/Mac-c Commercial ...... $499 
Aztec C68k/Am-d plus source for the libraries and 
one year of updates. 


Az ‘ DOS Release 
Aztec C65 is the sats earitnerell quality C com- 
piler for the Apple Il. Aztec C65 includes C compiler, 
6502/65C02 assembler, linker, library utility, UNIX li- 
braries, special purpose libraries, shell development 
environment, and more. An impressive system. 


Aztec C65-c Commercial........... $299 
® runs under ProDOS ° code for ProDOS or DOS 3.3 
Aztec C65-d Developer...........+. $199 


¢ runs under DOS 3.3 © code for DOS 3.3 


Manx Software Systems 
1 Industrial Way, Eatontown, NJ 07724 


ware, C-tree TM Faircom, Inc., Wi 


8080/Z80 ° 8086/80x86 ° 680x( 

An IBM 0 or ¢ Macintashni is not only a less expensive 
way to develop ROM code, it’s better. Targets include 
the 6502/65C02, 8080/Z80, 8086/80x86, and 680x0. 

Aztec C has an excellent reputation for producing 
compact high performance code. Our systems for 
under $1,000 outperform systems priced at over 
$10,000. 


Initial Host Plus Target............. $750 
Additional Targets ...........0.04. $500 
ROM Support Package............. $500 


Call for eesti on Vax, PDP- 11, Sun and other 
host environments. 


These C develooraent ateins are revinbestans for 
the price. They are earlier versions of Aztec C that 
originally sold for as much as $500. Each system 
includes C compiler, assembler, linker, librarian, 
UNIX routines, and more. Special discounts are 
available for use as course material. 


CO RKING 5... caxgeeertecs atten $75 


Aztec Cross Development $ 

Most Aztec C systems are available as cross devel: 
opment systems. Hosts include: PC/MS-DOS, Mac- 
intosh, CP/M, Vax, PDP-11, Sun, and others. Call for 
information and pricing. 


How To Become An Aztec C User 
To become a user Call 800-221-0440. From NJ or 


international locations call 201-542-2121. Telex: 


, 4995812 or FAX: 201-542-8386. C.O.D., VISA, 


MasterCard, American Express, wire (domestic 
and international), and terms are available. One 
and two day delivery available for all domestic and 
most international destinations. 

Aztec C is available directly from Manx and from 
technically oriented computer and software stores. 
Aztec Systems bought directly from Manx have a 30 
day satisfaction guarantee. 

Most systems are upgradable by paying the differ- 
ence in price plus $10. Site licenses, OEM, educa- 
tional, and multiple copy discounts are available. 


To order or for more information call 2 


Ge F&F 
0-221 
In NJor intematlonal call (201) 542-2121 eTELEX: 4995812 


MS is a registered TM of Microsoft, Inc. CP/M TM DRI, HALO TM Media Cybernetics, PANEL TM Roundhill Computer Systems, Ltd., 

PHACT TM PHACT Assoc.. PRE-C, a tnt ee. Plink-86 + , P-Force TM Phoenix, db Vista TM Raima Corp., C-terp, PC-lint, TM Gimpel Soft- 
indows for C, Windows for DATA TM Creative Solutions, Apple Il, Macintosh TM Apple, inc., TRS-80 TM. 

Radio Shack, Amiga TM Commodore int Int’ ti Unix TM AT&T, Vax TM DEC, Aztec TM Manx Software Systems. 
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ast month I intro- 
seats > > [es the topic of 

synchronizing 
code in “Synchronization in hard-to-easy 
design” (Programming on Purpose, 
COMPUTER LANGUAGE, Nov. 1987, 
pp. 15-21). Writing code that gets multi- 
ple sequential processes to cooperate 
safely is the hardest kind of coding. Your 
only safe course is to minimize the places 
where you must synchronize with an- 
other activity (such as an interrupt, an- 
other process, or a separate device), write 
the code carefully, and keep it well sepa- 
rated from the rest of the program logic. 
Do this first, before you write most of the 
pedestrian code. (I call this approach 
hard-to-easy design.) 

Last month I also discussed the me- 
chanics of synchronizing with a simple 
hardware interface and how to write an 
interrupt handler that buffers a data 
stream safely for a background consum- 
er. An interrupt, in this view, is just a 
way of pushing the synchronizing point 
inboard from a hardware interface to ex- 
ploit the added power of the controlling 
CPU. With proper concern for avoiding 
conflicts with the interrupt handler, the 
background loop that processes input 
data looks something like Listing 1. 

The situation gets more interesting 
once you introduce two or more data 
streams. Each may have separate needs 


_ for buffering, whether aided by inter- 


rupts or simply driven by polling. The 
heart of the problem lies in that inno- 
cent-looking <wait> that occurs in any 
background loop when the program must 
wait for further interrupt activity before 
it can proceed. It may be that no pro- 
gress can be made on processing this par- 
ticular stream, but what about the 
others? 

You can extend the background loop 
to handle more than one data stream, 
which can be done with the polling pro- 
gram I introduced last month. Should 
the background processing for one data 
stream reach a point where it must wait 
for more interrupt activity, the back- 
ground loop does not wait. Instead, it 


m=)» PROGRAMMING 
» ON PURPOSE 


Synchronization, part II 
a ss i 


By P.J. Plauger 


looks for some other activity on which it 
can make progress. 

Each data stream has an associated set 
of data that memorizes the state of pro- 
cessing for that stream. The polling loop 
must continually put down one set of 
data for a data: stream on which no more 
progress can currently be made and pick 
up another set of data for a data stream 
that can make additional progress. 

If the processing of data for one 
stream generates data for another, how- 
ever, you can get into messy situations. 
The sets of data that characterize the 
state of each process get intermixed. Or 
you may need to ensure that input is 
available from two sources before a com- 
putation can proceed. Now you have to 
handcraft logic that inspects two or more 
sets of data to determine the state of an- 
other set of data. Sure, you can code 
your way out of it, but at considerable 
cost in complexity. It is even harder to 
code your way out of a situation where 
higher-priority data preempts normal 
processing. Try that in a simple polling 
loop and see what you get. 

In these cases, you are simulating mul- 
tiple processors on a single processor by 
writing a growing pile of ad hoc code. 
What you find yourself wishing for is a 
budget that lets you dedicate a separate 
microcomputer CPU to camp on each 
data stream. =] 

Each of these CPUs is easy to code— 
its background control loop is just like 
the code in Listing 1 for synchronizing 
with a single interrupt. CPUs responsible 
for input from the outside world buffer it 
as needed, process it as far as possible, 
then write out the results. Other CPUs 
wait for data written by these CPUs un- 
til they have enough data to do some- 
thing, process their data as far as 
possible, then write out their results. Still 
other CPUs responsible for real-world 
output read these results as they become 
available and buffer the output as needed 
for physical devices. 

The ideal result, from the standpoint 
of logical simplicity at least, is a network 
of CPUs, connected in a way that resem- 
bles as closely as possible the data flow 
being modeled. Each data transformer 
has its own dedicated CPU, executing a 
program modeled after the structure of 
the data that it must transform. 


t’s not an accident 
imasacanal >> | that this sounds re- 

markably like 
what I have been preaching in earlier 
columns (“Finite-state machines,” COM- 
PUTER LANGUAGE, Oct. 1986, pp. 
15-19; “Divorcing data structures,” 
COMPUTER LANGUAGE, June 1987, 
pp. 19-24; and “Who's the boss?” COM- 
PUTER LANGUAGE, July 1987, pp. 
17-22). The only ingredient I have added 
here is the need to have multiple CPUs, 
each camping on data streams that must 
be synchronized. 

Once you arrive at this viewpoint, you 
are well on your way to being a success- 
ful designer of multiprocess systems. You 
see, most designers are pretty good at 
identifying the data flow and synchroni- 
zation points between data transforms. 
Those drawings you make on the backs 
of napkins or on conference room black- 
boards are often excellent representations 
of the system to be modeled. However, 
you must learn to postpone implementa- 
tion decisions until after you have parti- 
tioned the logical data flow into separate 
processes. 

Whether you assign each process to a 
separate CPU, assign all processes to one 
CPU, or perform some division in be- 
tween is a packaging issue. Packaging is 
done best when it follows logical design 
rather than being intertwined with that 
phase. 


FOREVER 

WHILE (in_count = 0) 
(wait) 

(disable interrupt? 

item := in_data[in_next] 

in_next := in_next + 14 

IF (N (= in_next) 
in_next := 0 

in_count := in_count — 1 

(enable interrupt) 

{process item) 


Listing 1. 


13 


During the logical partitioning phase, 
you must keep firmly in mind the pur- 
pose of each process (CPU): to advance 
the cause of one data stream. It must 
synchronize with other agents at its in- 
puts and outputs but behave like a first 
generation computer in between. If a 
CPU can block on a <wait> statement 
while there is progress to be made in a 
different part of its processing, replace it 
with two CPUs. If a CPU has no 
<wait> statements, you should merge 
its code with one of its neighbors and 
eliminate it. There may be other compel- 
ling reasons for keeping the code as a 


separate process, but synchronization is 
not one of them. 

Now for the packaging choices. You 
can implement each CPU in one of two 
general ways: 

w As a separate process under control of 
a multiprocessing executive or operating 
system 

g As a separate CPU. 

Not so long ago, the second alternative 
was too expensive to consider. Now the 
cost barrier is often not the extra CPUs 
and supporting chips, but the extra com- 
plexity in synchronizing data among 
multiple processors operating in parallel. 


e Oasys presents . 


2 


_ Those accustomed to using these 
Superior Microsoft tools on a PC can 
now build MS-DOS applications on a 
VAX or workstation. OASYS guarantees 
that the unsurpassed speed, compactness, 
and flexibility of Microsoft C have been 
preserved. The OASYS/Microsoft Cross 
C Development System offers identical 
functionality to Microsoft C -- no short 
-cuts, no alterations -- repackaged to meet 
today’s demands for high performance/ 
low cost development on non-MS-DOS 
systems- 


powe 
workstations. 
Regardless of where you choose to do 
development, OASYS provides the best 
tools, on the widest variety of hosts, with 
comprehensive support. Our exclusive 
relationship with Microsoft, the world’s 
leading supplier of MS-DOS software 
products, is evidence of our commitment 
to provide evolving PC tools to OASYS 
customers. 

Prices start at $1,000. New ports are 
underway. Call today for more informa- 
tion. OEM and end-user inquiries are 


encouraged. 
Microsoft: 


230 Second Avenue, P.O. Box 8990 
Waltham, MA 02254-8990 (617) 890-7889 


MS-DOS, Microsoft and the Microsoft logo are registered trademarks of Microsoft Corp. 
Apollo is a trademark of Apollo Computer Inc. Trademarks are also acknowledged to 
DEC, Sun Microsystems, Inc., XEL, Inc. 
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You must have shared memory or a suf- 
ficiently high bandwidth channel to com- 
municate the data. You must also have a 
carefully designed signaling protocol be- 
tween the processors to synchronize the 
communication. The payoff for this extra 
complexity generally occurs in one of 
three areas: 

m Increased performance—because mul- 
tiple processors are acting in parallel 

mw Easier growth—because you can tack 
on additional processors to get increased 
parallelism 

@ Increased reliability—because critical 
processors can keep operating when oth- 
ers die. 

If you can’t make a case that you will get 
at least one of these benefits, you should 
rethink your desire to introduce multiple 
processors into your design. 

In fact, as a general rule, the first al- 
ternative is preferred whenever the host 
processor has enough performance to do. 
the job. The processes in a multiprocess- 
ing system can be connected in a myriad 
of ways and the connections changed on 
a whim. That’s far less true of a system 
of CPUs wired together in ad hoc fash- 
ion to do a given job. At work here is the 
principle of latest binding: the longer you 
defer binding decisions into a program, 
the more flexible the program will be 
and the cheaper it will be to modify and 
maintain. 

So let’s say you want to simulate hav- 
ing two or more CPUs by multiplexing 
one. What are your choices? 

In the simplest case, all but one of the 
processes (CPUs) is kicked into activity 
by the occurrence of a hardware inter- 
rupt. I discussed this situation in last 
month’s column. All you have to do is 
make proper use of the interrupt vector- 
ing capabilities of your host CPU. The 
interrupt-driven processes become inter- 
rupt handlers, and the remaining process 
executes in the background when no in- 
terrupts are active. The only hard part is 
writing the functions that enqueue and 
dequeue data between interrupt handlers 
and the background process, as I dis- 
cussed in November’s column. Fancier 
software is not necessary. 

Most programmers are capable of 
writing adequate enqueue and dequeue 
functions for a given host CPU. The 
risks of writing and debugging your own 
synchronizing code are probably well re- 
paid by the reassurance of knowing every 
byte of code that goes into the product. 
A program like this with no support soft- 
ware is called “freestanding.” From mi- 
crowave ovens to traffic lights, the world 
is rapidly filling up with embedded mi-: 
crocomputers executing freestanding 
programs. 

The world is also filling up with more 
ambitious applications involving embed- 
ded computers. As soon as your applica- 
tion involves two or more processes that 
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Macic PC: 
A REVOLUTION IN POWER, PRICE 
& PROGRAMMING SPEED. 


Y ou know how database applications are created — by hacking out 
line after line of time-consuming code. Most DBMS’ and 4GL’s give 
you some programming power. But when it comes to serious applica- 
tions, they keep you bolted to your seat writing mountains ef tedious 
code. And rewriting it all over again with every design change. 

Imagine how much faster you'd be if you could replace the painful 
coding phase with an innovative visual technology which takes only a 
fraction of the time: Introducing Magic PC—the revolutionary Visual 
Database Language from Aker Corporation: 
High-Speed Programming: 

With Magic PC’s visual design language you quickly describe your 
programs in non-procedural Execution Tables. They contain compact 
programming operations which are executed by Magic PC’s runtime 
engine. You fill-in the tables using a visual interface driven by windows 
and point-and-shoot menus. One table with 50 operations eliminates 
writing more than 500 traditional lines of code. Yet with Magic PC you 
don’t sacrifice any power or flexibility. 


With a powerful set of bigh-level non-procedural operations you 
program at only a fraction of the time. 
Maximum Power AND Simplicity: 

With Magic PC, you can generate robust DBMS applications includ- 
ing screens, windows, menus, reports, forms, import/export, and much 
more! Plus, Magic PC has one of the friendliest user interfaces you've 
ever seen. Using Magic PC you can look-up and transfer data through 
a powerful Zoom Window system. Magic PC even lets you perform 
command-free queries. 


Btrieve Performance: 

Magic PC incorporates Btrieve, the high-performance file manager 
from SoftCraft. This gives you exceptional access speed, extended data 
dictionary capabilities, and automatic file recovery! 


Virtually Maintenance-Free: 

With Magic PC you can modify your application design “‘on the fly’ 
without any manual maintenance. Magic PC automatically updates 
your programs and data files on-line! This also makes Magic PC an 
ideal tool for prototyping complete applications in hours instead of days. 


FREE Networking: 

Magic PC comes complete with LAN features. Develop multi- user 
applications for your LAN with Magic’s file and record- locking 
security levels. , 


Stand-Alone Runtime: 
Distribute your applications and protect your design with Magic PC’s 
low cost runtime engine. 


All For Only $199: 

Best of all, Magic PC is an unbeatable bargain. For a limited 
time, Magic PC’s price has been reduced to only $199! Yes, this is 
the same Magic PC that normally lists for $695! And Magic PC 
eliminates the need for a separate DBMS, compiler, or applica- 
tion generator. It comes complete with all the tools you need 
to develop your own database applications instantly. 


fraction of the time. . 


) by -= 


$199 - With A Money-Back Guarantee! 

For a limited time, you can get Magic PC for only $199. And even at this low price, Magic PC 
is risk-free. If you're not completely satisfied, simply return it within 30 days and we'll buy it 
back (less $19.95 restocking fee). And if you'd like a preview, Magic PC’s Tutorial Demo is 
available for just $19.95. 

But you’d better hurry — Magic PC’s special $199 price won’t last long! 


Typ) Price 


Pop-up Zoom Windows run multiple programs per screen — with 
point-and-shoot data transfer between windows! 


Join The Magic PC Revolution 


To unleash your DBMS design power, order your $199 copy of 


Magic PC right now by calling toll-free or returning the coupon below. 


ORDER NOW: CALL 
(800) 345-MAGIC 
In CA (714) 250-1718 


“Magic PC's data base engine delivers powerful applications in a 
. there is truly no competitive product.” 


Victor Wright - PC Tech Journal 
Also recommended by: PC Magazine, PC World, PC Week, Computer 


MAGIC PC 


The Veal Database Language 


Yes! [ want 
to generate powerful 
applications much faster! on 
O Rush me my copy of Magic PC at the special promotional price 
of $199 (add $10 P&H, and tax in CA. Intemational orders add 
$30). I understand I can retum Magic PC for a refund within 30 
days, if I'm not completely satisfied.* 
CO Rush me a copy of Magic PC Tutorial Demo at $19.95 (add $5 
P&H, and tax in CA International orders add $15). 
i Name 
Company 
Street Address (no POB) 
City State Zip 


Ma x ERICA 
Check enclosed Charge to my: 0) vasa ow) aoe 
Account No. — — 
Acct. Name Exp. Date js = 


Signature 
Retum to: Aker Corp., 18007 Skypark Cir Ba, Irvine, C CA 92714 


System requirements; IBM % XT, AT, PS/2 or 100% compatible vith 51 510K Ra, hard disk and DOS 
2.0 or later. 514” format, not copy protected. Dealer pricing available. * Retum policy valid in US only. 
Aker, Magic PC, The Visual Database Language are trademarks of Aker Corporation. All other 
trademarks acknowledged © Copyright 1987, Aker Corp. 
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‘ Language, Data Base Advisor, and many other publications worldwide. 
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Price Break! 


PCDOS $295. Source Code $295. 


WINDOWS FOR DATA’ 


racic uee 
Invoice No.: 


; Search for customer record? (Ci/N): ? 


Enter customer information? (Y/N) 


“nter billing address? (YAN): 
Enter marketing information? (Y/N): 


DESCRIPTION 


Cursor 4 1, ENTER selects an 


William Jones 
Innovative Software 
351 Bulletin Avenue 
Needham, MA- 92194 
(617) 394-5512 


eee PRICE AMOUNT 


Subtotal: 
Shipping: 


Payment : 


SC exits choice menu 


Uncommon Screens 


f you program in C, take a few 
moments to learn how Windows for 
Data can help you build a state-of-the- 
art user interface. 


MM Create and manage menus, data-entry forms, context- 
sensitive help, and text displays—all within windows. 
(Wf Provide a common user interface for programs that must 
run on different machines and operating systems. 


M Build a better front end for any DBMS that has a C 


language interface (most popular ones do). 


FROM END TO BEGINNING 


Windows for Data begins 
where other screen packages end, 
with special features like nested 
pop-up forms and menus, field en- 
try from lists of choices, scrollable 
regions for the entry of variable 
numbers of line items, and an ex- 
clusive built-in debugging system. 


NO WALLS 


If you’ve been frustrated by the limitations of other 
screen utilities, don’t be discouraged. You won't run into 
walls with Windows for Data. Our customers repeatedly 
tell us how they’ve used our system in ways we never 
imagined —but which we anticipated by designing Win- 
dows for Data for unprecedented adaptability. You will 
be amazed at what you can do with Windows for Data. 


YOU ARE ALWAYS IN CHARGE 


Control functions that you write and attach to fields 
and/or keys can read, compare, validate, and change the 
data values in all fields of the form. Upon entry or exit 
from any field, control functions can call up subsidiary 
forms and menus, change the active field, exit or abort 
the form, perform almost any task you can imagine. 


OUR WINDOWS WILL 
OPEN DOORS 


Our windows will open doors to 
new markets for your software. 
High-performance, source-code- 
compatible versions of Windows 
for Data are available for PCDOS 
(OS/2 soon), XENIX, UNIX, 
and VMS. PCDOS versions are 
fully compatible with Microsoft Windows, Top-View, 
and DESQview. No royalties. 


You owe it to yourself to try Windows for Data. If not 
satisfied, return for a full refund. To order, or for a FREE 
DEMO, call (802) 848-7731 x 41. 

Telex: 510-601-4160 VCSOFT FAX 802-848-3502 


21 Elm Ave., Richford, VT 05476 
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run on an equal footing, not driven by in- 
terrupts, you need software that manages 
multiple, logical processes. 

Such software must be integrated with 
the enqueue and dequeue functions need- 
ed to pass data between processes. When 
a process attempts to take data from an 
empty queue, that process should block 
(on the <wait> statement within the 
dequeue function) and another process 
that can make progress should resume 
operation. When a process adds data to 
an empty queue, it should unblock at 
least one process that was waiting for 
data from that queue. Synchronization of 
data transfer between processes is inti- 
mately entwined with scheduling those 
processes. 


: riting good 
am) > software to 
manage multi- 


ple processes is not easy. Aside from the 
problems of getting it right and robust, 
about which I have harangued at length, 
there is a problem of getting adequate 
performance. 

The simplest approach to writing a 
process scheduler is to manage a set of 
process queues. One queue contains all of 
the processes that have not blocked while 
waiting for something. Another queue 
contains all of the processes waiting for a 
time interval to expire. Still other queues 
contain all of the processes waiting for a 
data queue to become nonempty (or non- 
full). The simplest way to manage these 
queues is to scan them from beginning to 
end every time you need to locate, insert, 
or delete a process on the queue. 

If you perform all queue operations 
with linear scans, then your enqueue and 
dequeue functions can take time propor- 
tional to the number of processes in your 
run-time system. Once you get above 
about a dozen processes, you will prob- 
ably observe unacceptably long delays in 
clearing interrupts because the interrupts 
may have to be active (and blind) or dis- 


abled (and blinded by a single event) 


while you’re scanning all those queues. 

When I discussed searching in “Chaos 
out of order” (Programming on Purpose, 
COMPUTER LANGUAGE, Oct. 1987, 
pp. 17-22) I pointed out the numerous 
tradeoffs between insert, delete, and 
lookup times for collections of data. 
However, the better the performance you 
insist on, the greater the sophistication 
you must invest in how you organize your 
data. 

So whether or not you are capable of 
writing a set of functions that cooperate 
to manage multiple processes, you should 
resist the temptation to do so. If you 
need multiprocessing capability, then for 
heaven’s sake buy it. Oodles of packages 
are available off the shelf that provide 


services you need correctly, with decent 
performance, and without too much ex- 
tra baggage you’d rather not have. The 
best known are called real-time execu- 
tives, with names such as VRTX, PSOS, 
and MTOS. If you can find it in your 
heart (and budget) to build your embed- 
ded application upon a commercial ex- 
ecutive, you will be ahead of the game 
when it comes to writing, debugging, and 
maintaining application-specific code. 


have talked glibly 
ae >> i so far about the 
use of queues for 
passing data between logical processes, 
which is an adequate mechanism that 
does the job. However, variations on the 
data queue are often better adapted to 
specific uses, such as the following: 
m Gates—one-bit messages used to pro- 
vide mutual exclusion, so only one of a 
set of processes enters a critical region at 
a given time 
m Semaphores—queues of one-bit mes- 
sages used to provide finite but multiple 
access to a limited resource 
w Signals—one-bit messages that report 
the occurrence of some situation 
m Events—one-bit messages often 
grouped to make it easy to test for var- 
ious logical groups of events, such as 


“eventl and event2” or “event! or 
event2” 

w@ Messages—multibyte data, often kept 
in a shared-data area, whose ownership 
is passed by sending a fixed-size token 

= Monitors—sets of related functions 
whose activations are synchronized so 
only one function is active at a given 
time 

@ Rendezvous—statements within coop- 
erating processes that provide for a syn- 
chronized function call, with argument 
passing, within one process from another. 

Before you start writing letters, I ac- 
knowledge that each of these terms has a 
variety of meanings. I have intentionally 
made only an arm-waving characteriza- 
tion of each. 

My point is that any number of differ- 
ent mechanisms have been implemented 
to provide synchronization between pro- 
cesses. In my experience, no single one of 
them has the proper balance between so- 
phistication and performance to serve all 
needs. A nontrivial, real-time application 
may make good use of gates, events, 
queues, and messages. As long as all the 
mechanisms play together, you should 
not hesitate to make use of any mix that 
seems appropriate for your needs. 

When you pick your commercial ex- 
ecutive, make sure you have only the fea- 


FULL AT&T C++ for half the price of our competitors! 


Guidelines announces its port of version 1.1 of AT&T’s C++ translator. As an 


object-oriented language, C++ includes: 
constructors and destructors, data hiding, and data abstraction. 


classes, inheritance, member functions, 
‘Object-oriented’ 


means that C++ code is more readable, more reliable and more reusable. And that 
means faster development, easier maintenance, and the ability to handle more 
complex projects. C++ is Bell Labs’ answer to Ada and Modula 2. C++ will 
more than pay for itself in saved development time on your next project. 


pa 


C++ 


from GUIDELINES for the IBM PC: $195 


Requires IBM PC/XT/AT or compatible with 640K and a hard disk. 
Note: C++ isa translator, and requires the use of Microsoft C 3.0 or later. 


Here is what you get for $195: 
The full AT&T v1.1 C++ translator. 


Libraries for stream I/O and complex math. 
"The C++ Programming Language", the 
definitive 327-page tutorial and description 
by Bjarne Stroustrup, designer of C++. 


Sample programs written in C++. 
Installation guide and documentation. 
30 day money back guarantee. 


To order: 

send check or money order to: 
GUIDELINES SOFTWARE 
Dept. CL 

P.O. Box 749 
Orinda, CA 94563 
To order with Visa or MC, 
phone (415) 254-9393. » 
(CA residents add 6% tax.) 


C++ is ported to the PC by Guidelines under license from AT&T. 
Call or write for a free C++ information package. 
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tures you need. Perhaps the worst trend 
in this rapidly growing marketplace is 
the beefing up of the more successful lit- 
tle executives to take on ever more so- 
phisticated applications. Once you saddle 
a set of process-control primitives with 
hardware memory management, general 
device I/O, structured file I/O, dynamic 
loading of new processes, and/or interac- 
tive background processing, the compel- 
ling simplicity of the original product 
rapidly begins to fade. 

When you find yourself needing bolt- 
on services, it is time to reconsider your 


support needs in terms of more full- 
fledged operating systems. You are gen- 
erally better off working with a well- 
designed host system that has been 
scaled down for ROM-based (or small 
disk-based) operation. 

The UNIX computational model has 
now been captured as the vendor-inde- 
pendent IEEE standard called POSIX. A 
small but growing number of commercial 
offerings give you POSIX conformance 
with the real-time performance and ser- 
vices you need for embedded applica- 
tions. Modesty and an ever-watchful 
editorial staff forbid me from mentioning 
my products by name, but I assure you 
that good ones exist. 


THE 150% SOLUTION 
FOR SUPERIOR 
DATABASE 
DEVELOPMENT 
AT 62% OFF. 


PHACT-manager™ gives MS-DOS™ programmers the ISAM they 
need. Plus a Report Writer, Query Language and full C source code. 


© Efficient B + Tree access method. 
© Unlimited number of keys and variable length records. 
© Security: Password protection, shared/exclusive use. 


e Runs on networks. 


© Sequel-like query language for interactive or batch “S 


query/update. 


© Report Writer: Perform “‘joins;’ create and use variables, 


sort, format and more. 


© Versions for all popular C compilers. 


© Thousands of licenses sold. 


To order or get more information, call us at 
1-800-222-0550 (outside NJ) or 1-201-985-8000 now. 
MasterCard/Visa accepted. 


Only $249 complete! Full C source code. 
No royalties! 


s Software 


UniPress Software, Inc. 2025 Lincoln Highway Edison, NJ 08817 


MS-DOS is a trademark of Microsoft. PHACT-manager is a trademark of PHACT Associates. 
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nd now for the 
nae >> bad news. No 
matter how clev- 


er you are at writing synchronization 
code or how judicious you are at picking 
commercial products, you still have syn- 


. chronization problems to look out for. 


Three that spring to mind, in order of in- 
creasing seriousness, are load balancing, 
response prediction, and deadlock 
prevention. 

Once you have partitioned your appli- 
cation into separate processes and pack- 
aged your processes for one or more 
CPUs, you hope the load will be distrib- 
uted pretty much as you planned. Unfor- 
tunately, programmers are lousy at 
predicting where their programs will 
consume most of their execution time. If 
you guess wrong enough, you may have 
some serious repackaging to do before 
you get the performance you need. 

What aggravates the problem of bal- 
ancing loads among processes is that it 
can be difficult to get meaningful perfor- 
mance data in a multiprocessing environ- 
ment and to outsmart a complex 
scheduler once you know the behavior 
you want. These points argue for keeping 
the simplest possible process model and 
scheduler. 

Predicting response is a similar prob- 
lem. Your system may be well balanced 
and have all the performance capacity it 
needs, yet certain operations may not be 
fast enough. 

Event-driven schedulers, such as those 
commonly used in the simple real-time 
executives, seldom give the kind of re- 
sponse that human beings like when they 
interact. These schedulers give real-time 
processes highest priority, as well they 
should, and treat all other background 
processes equally whether they are inter- 
active or compute bound. You need a 
scheduler designed to juggle priorities in 
favor of interactive processes to fix this 
performance problem. 

Some schedulers provide for assured 
response to high-priority events to the ex- 
treme that they permit indefinite over- 
taking of lower-priority operations. As 
soon as you introduce a place in your 
multiprocess design where one process 
unconditionally overtakes another, it is 
possible that the overtaken process may 
be indefinitely starved for attention. The 
only fix is to juggle priorities by hand 
until you get the behavior you like. 

Indeed, the worst aspect of response 
prediction is the prediction part. You 
may observe that you get desirable be- 
havior every time you look, but your cus- 
tomer may demand assurances that the 
worst-case response has a fixed uppper 
bound. If your application is too com- 
plex, you may be able to make such as- 


Blaise and 
Turbo Pascal. 


Whether you're a Turbo Pascal expert or a novice, you can benefit from using 
special tools to enhance your programs, make them reliable, and give them a 
professional _ look. With windows, menus, pop-up memory resident programs, 
and communications support, Blaise Computing offers you all 
xo the right pieces to solve your Turbo Pascal development puzzle. 
pene, ¢POWER TOOLS PLUS" is a general purpose library of over 140 
a, functions and procedures, like fast direct video access, general screen 
handling including multiple monitors, and EGA 43-line text mode. 
Stackable and removable windows with optional borders and 
cursor memory provide complete windowing capabilities. Pop-up 


menus are easily incorporated into your programs using the menu 


a 


management functions. 
POWER TOOLS PLUS allows you to inspect, allocate, 
and free DOS memory. Execute any program, including 
internal DOS commands, from within your Turbo 
Pascal program. 
Write general interrupt service routines in Turbo Pascal 
for either hardware or software interrupts using the 
POWER TOOLS PLUS ISR support functions. Blaise 
Computing’s unique intervention code lets you develop 
_ memory resident applications that take full advantage of DOS 
_ capabilities. With simple procedure calls, “schedule” a Turbo 
= Pascal procedure to execute either when a “hot key” is pressed 
or at a specified time. 
@ASYNCH PLUS™ provides the crucial core of hardware 
interrupts needed to support asynchronous data communi- 
cation. This package offers simultaneous buffered input and 
output to both COM ports at speeds up to 9600 baud, and 
supports the XON/XOFF protocol, XMODEM file transfer 
and modem control functions. 
The underlying functions of ASYNCH PLUS are carefully crafted 
in assembler and drive the UART and programmable interrupt con- 
troller chips directly. These functions, installed as a memory resident 
system, require just 3.2K bytes. Complete Turbo Pascal interfaces to the 
assembler routines are provided. 
The source code is included in all Blaise Computing products and 
is efficiently crafted, readable and easy to modify. The INCLUDE 
utility is provided to automatically determine'which procedures and 
functions are required, and to compact them all into a single file to 
be included in your application. Each package is accompanied by ar’ 
indexed manual describing each procedure and function in detail with 
example code fragments. The documentation reflects the attention to 
detail and commitment to technical support that have distinguished 
Blaise Computing over the years. 


NOW, EVEN MORE POWER! Turbo ASYNCH PLUS 
and Turbo POWER TOOLS PLUS are now designed 

explicitly for Turbo Pascal Version 4.0. New high 
level functions provide reliable, fast, professional 
routines — the right combination of pieces to 
put your Turbo Pascal puzzle together. 


All source code is included for only 
$129.00 each. 


f 
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BLAISE COMPUTING INC. 


2560 Ninth Street, Suite 316 Berkeley, CA 94710 (415) 540-5441 Law 
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more. For Turbo C. 


“PASCAL TOOLS/TOOLS 2 $175.00 


and QuickC. 


"ASYNCH MANAGER 


Full featured interrupt driven support f 


- LIGHT TOOLS: 


“more. For the Datalight C compiler. 


CO “SOON! General screen manage- _ 
ment; paint screens; block mode data entry 
or field-by-field control with instant screen, 


access. For Turbo Pascal. 


EXEC $95.00 
NEW VERSION! Program chaining execu- 
tive. Chain one program from another in dif- _ 
ferent languages; specify common data areas; — 
less than 2K of overhead. 


KeyPlayer i BA998.. 
“Super-batch” program. Create batch files 
which can invoke programs and provide 
input to them; run any program unattended; 
create demonstration programs; analyze key- — 
board usage. “ i hoc 


RUNOFF “$4o05 


Text formatter for all programmers. Written © 


in Turbo Pascal: flexible printer control users 
defined variables; index generation; and a 
general macro facility. é i 


Turbo C- TOOLS $129.01 
Windows; ISRs; intervention code; screer 
handling and EGA 43-line text mode support; 
direct screen access; DOS file handling and 


Expanded string and screen handling; grap! 
ics routines; memory management; genera 
program control; DOS file support and more 
For MS-Pascal. * ie 


VIEW MANAGER... 
General screen control; paint screens; blo 
mode data entry or field-by-field contro 
instant screen access. For C or MS- 


$175.00 © 
the 
COM ports. I/O buffers up to 64K; XON/ - 
XOFF; up to 9600 baud; modem control and 
XMODEM. For C or MS Pascal. ° 


Windows; ISRs: EGA 43-line text 
direct screen access; DOS file handlin 


TO ORDER CALL TOLL FR 


800-333-8087 
TELEX NUMBER-338139° =~ 


we 
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=~ 
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istered t 
svosojt Corporation. Turbo Pas 
tered trademark of Borland Inter 


Professional C function library 


30 day money back guarantee 
M Multiple bullet proof windows 
M Easy full screen data entry 

@ Unlimited data validation 

(@ Context sensitive help manager 
( Menus like Lotus and Mac 

~ @ Programmable keyboard handler 
M Text editor routines 

Y No royalties or runtime fees 

( Library source included FREE 
Free technical support 

M Free BBS at (214)418-0059 
Supports all major compilers 
including Microsoft 5.0 

( VCScreen code generator too! 
( UNIX version available, 


fe call for details 
cree® - p52 and a e 
oc ate A visa 
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patibles: Real 


surances only by deoptimizing the entire 
system. 

The extreme in bad response is when 
your system doesn’t service a request at 
all. This is usually caused by a form of 
deadlock, where two or more processes 
have tied up resources that another one 
needs to make progress and none are 
willing to release the resources they cur- 
rently hold. If you think of writing good 
synchronizing functions as getting the 
syntax of synchronization correct, then 
deadlock prevention amounts to getting 
the semantics correct. 

Here is a concrete example. The 
IDRIS operating system, like many a 
UNIX system, manages disk I/O by a 
pool of memory-resident buffers, each 
capable of holding a fixed-size block of 
disk storage. If your program reads a 
file, then for each block of the file you 
want to read, the IDRIS resident code 
running on behalf of your process obtains 
exclusive rights to a buffer, gets the ap- 
propriate device handler to read the con- 
tents of the block into that buffer, and 
copies the relevant buffer contents to the 
place specified by your program. 

As long as each process requests at 
most one buffer and as long as no pro- 
cess blocks while that buffer is tied up, 
the system can never be starved for buff- 


ers. If all buffers are ticd up, eventually 
a process will progress to the point where 
the buffer is released, and the waiting 
process can grab the released buffer. 

Unfortunately, there are situations 
where the IDRIS resident would love to 
tie up a buffer on behalf of a process, 
even while the process is blocked. Other 
situations occur where a process simply 
must have two buffers handy at the same 
time to perform an operation. (There 
used to be situations where more than 
two buffers were required, but these were 
carefully recoded to need only two.) 
What to do? 

The solution lies in maintaining a 
count of buffer futures. Each process 
that sees a need to tie up more than one’ 
buffer requests the right to do so before 
asking for even the first buffer of the 
pair. The buffer. futures count is main- 
tained as a semaphore—if too many pro- 
cesses reserve the right to ask for a 
second buffer, subsequent petitioners 
block while requesting this right until an 
adequate supply of excess buffers is 
available. With this machinery, the 
IDRIS resident will not deadlock on in- 
sufficient buffers even if only two are 
available to the entire system (a ridicu- 
lously small number given the memory 
available on computers today). 


The point of my example is that hav- 
ing safe primitives for reserving and free- 
ing buffers does not guarantee that the 
system will never hang up. Running the 
system with lots of buffers may lower the 
odds but still does not guarantee that the 
system will never hang up. It takes care- 
ful semantic analysis of the problem, and 
equally careful coding, to make the 
IDRIS resident reliable in this important 
area. 

Lots more can be said on synchroniza- 
tion; whole books have been written on 
the subject. In an upcoming column, I 
will provide a small but useful bibliog- 
raphy on synchronization and other de- 
sign issues. 

Even so, my personal experience is 
that this area of design is the least un- 
derstood and structured of all the areas I 
have covered. I feel the simple, pragmat- 
ic advice I have given in this column will 
meet most of your needs. + | 


P.J, Plauger has coauthored several pop- 
ular textbooks with Brian Kernighan, in- 
cluding The Elements of Programming 
Style and Software Tools in Pascal. He is 
secretary of X3J11, the ANSI C stan- 
dard committee, and convenor of the 
ISO C standard committee. He is also 
the president of Whitesmiths, Ltd. 


ADD TO THE POWER OF YOUR PROGRAMS WHILE YOU SAVE TIME AND MONEY! 
CBTREE does it all! Your best value in a B+tree source! 


Save programming time and effort. 


You can develop exciting file access programs quickly and easily because 
CBTREE provides a simple but powerful program interface to all B+tree 
operations. Every aspect of CBTREE is covered thoroughly in the 70 page 
Users Manual with complete examples. Sample programs are provided on 


disk. 


Gain flexibility in designing your applications. 
CBTREE lets you use multiple keys, variable key lengths, concatenated _ 
keys, and any data record size and record length. You can customize the >». 


B+tree parameters using utilities provided. 


Your programs will be using the most efficient searching techniques. 
CBTREE provides the fastest keyed file access performance, 


Access any record or group of records by: 


° Get first 

* Get previous 

* Get less than 

* Get greater than 

* Get sequential block 

* Get all partial matches 
* Insert key and record 
* Delete key and record 


* Change record location 


° Get last 

* Get next 

* Get less than or equal 

° Get greater than or equal 
* Get partial key match 

* Get all keys and locations 
* Insert key 


* Delete key 


Increase your implementation productivity. 


with multiple indexes in a single file and crash recovery utilities. 


CBTREE is a full function implementation of the industry 
standard B+tree access method and is proven in applications 


since 1984. 


CBTREE is over 6,000 lines of tightly written, commented C source code. 
The driver module is only 20K and links into your programs. 


Port your applications to other machine environments. 
The C source code that you receive can be compiled on all popular C 
compilers for the IBM PC and also under Unix, Xenix, and AmigaDos! No 


royalties on your applications that use CBTREE. CBTREE supports multi- 
user and network applications. 
CBTREE IS TROUBLE-FREE, BUT IF YOU NEED HELP WE PROVIDE FREE PHONE SUPPORT. 

ONE CALL GETS YOU THE ANSWER TO ANY QUESTION! 


OR WRITE 
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CBTREE compares favorably with other software selling at 2,3 and 4 times our price. 
Sold on unconditional money-back guarantee. 
YOU PAY ONLY $99.00 - A MONEY-SAVING PRICE! 
TO ORDER OR FOR ADDITIONAL INFORMATION 

CALL (703) 356-7029 or (703) 847-1743 


NOW! Varlable length records. 


NEW] --=- Limited time offer’ 
Object IIbrary for only $291 
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helps save time, money and cut frustrations. Compare, evaluate, and find products. 


RECENT DISCOVERY 
Windows/386 by Microsoft - multitask 

standard DOS applications in separate 

640K segments and access expanded 

memory. Toggle, run simultaneously, 

or foreground only. PC $ 149 


Al-Expert System Dev’t 


Arity Combination Package = PC $ 979 
System - use with C MS $ 229 
Auto-Intelligence PC $ 739 
CxPERT - shell for C MS $ 259 
Experteach II PC $ 339 
Exsys PC $ 289 
Level 5 - formerly Insight 2 MS $ 589 
Intelligence/Compiler PC $ 739 
T.I.: PC Easy PC $ 435 
Personal Consultant Plus PC $2589 
Personal Consultant Image PC $ 445 


Personal Consultant Online PC $ 879 
Turbo Expert-Startup(400 rules) PC $ 119 
Corporate (4000 rules) PC $ 339 


Al-Lisp — 


PC Scheme LISP - by TI PC $ 85 
Star Sapphire MS $ 459 
TransLISP - learn fast MS $ 79 
TransLISP PLUS MS $ 149 


Others: IQ LISP ($155), IQC LISP ($269) 
Al Prolog 


APT - Active Prolog Tutor - build 

applications interactively PC $ 49 
ARITY Prolog - Interpreter P@ 3,229 
COMPILER/Interpreter-EXE PC $ 569 
MicroProlog Prof. Comp./Inter. MS $ 439 
TURBO PROLOG by Borland PC $ 69 
Turbo Prolog Toolbox Pes. 69 


BAS_C - economy MS $ 179 
BAS_PAS - economy MS $ 135 
Basic Development System BEeS: 105 
Basic Development Tools PC $ 89 


BetterBASIC PC $ 129 
Exim Toolkit - full P@*s 45 
Finally - by Komputerwerks PC $ 85 
Inside Track PC $ 49 
Mach 2 by MicroHelp RG S$" 55 
Pecks ‘n Pokes RC’ S$, 35 
QBase MS $ 79 
QuickBASIC PC $ 69 
Quick Pak - by Crescent SoftwarePC $ 59 


Quick-Tools by BC Associates PC $ 109 
True Basic PES 79 
Turbo BASIC - by Borland PC $ 69 
Turbo BASIC Database Toolbox MS $ 69 


FEATURES 


The Baler - complete Lotus 1-2- 
(1A, 2.01, or VP-Planner). Protect code, 
speed execution, save disk space, 
password capability, user does not 
need 1-2-3. No Royalties. PC $ 459 


MKS AWK by Mortice Kern Systems. 
“4GL” for data transformation and 
report generation (conforms to Bell 
Labs spec for UNIX System V.3) allows 
multiple-subscripted arrays. MS $ 65 


Note: Mention this ad. Some prices are specials. Ask about COD 
and POs. Formats: 3” laptop now available. plus 200 others. UPS 
surface shipping add $3/item. All prices subject to change without 
notice. 


FREE Innovative Software 
Technology Details 


Since 1983, we've kept microcomputer developers 
abreast of software development trends. Our specialists 
help you with information about products that raise your 
productivity and enrich your programming environ- 
ment. Now you can receive a special packet covering 
one of the 7 important approaches to productivity 
enhancement, PLUS a Free series of articles from our 
newsletter, “The Programmer's Letter.” discussing this 
important subject. Specify Translators. Cross Compil- 
ers, 386 Native Mode Development. Prototyping Soft- 
ware. Object-Oriented Programming, Visual Program- 
ming, or Windowing Environments. 


Call TODAY and choose 
yur packet 


Cobol splII by Flexus 329 


(ees 

Microfocus Cobol I/Q $ 395 
Level IT COBOL MS $ 279 
Personal COBOL PC $ 119 
Microsoft COBOL MS $ 429 

COBOL Tools PC $ 209 
PCDT by Procode ; MS $ 949 
Realia - very fast MS $ 799 
RM/Net + 5 MS Call 


Ryan McFarland COBOL MS Call 
COBOL-85 MS Call 
Screenplay by Flexus PC $ 119 


C Language-Compilers 


AZTEC C86 - Commercial PC $499 
C86 PLUS - by Cl MS $359 
Datalight Optimum-C MS $ 99 
Instant C MS $369 
Lattice C - from Lattice MS $269 
Wetesne PGS 55 
Microsoft C 5.0- Codeview MS $275 
Microsoft Quick C MS $ 69 
Rex - C/86 - standalone ROM eS $695 
Turbo C by Borland C$ 69 


C Libraries- eS 


Asynch Manager by Blaise RE 7S) 125 
Essential Comm Library PC $r 1125 
With Breakout Debugger PC $ 189 
Greenleaf Comm Library PC $ 129 


Multi-Comm - add multitasking PC $ 135 


DBASE Language 


Clipper compiler C$ 399 
dBASE II MS $ 329. 
dBASE III Plus PC $ 429 
dBASE III LANPack PC $ 649 
DBXL Interpreter PC $ 109 
FoxBASE+ - V2.0 He $ 289 
Quicksilver by Word Tech C$ 499 


DBASE Support 


dAnalyst 
dBASE Tools for C 
dBRIEF with BRIEF - Auto-Indent, 


views structures P@™ sGall 
dBC III by Lattice MS $ 169 
Documentor - dFlow superset MS $ 229 
Genifer by Bytel-code generator MS $ 279 
QuickCode III Plus MS $ 239 
R&R Report Writer MS $ 139 
Seek-It - Query-by-example PC $ 79 
Silver Comm Library MS $ 139 
Tom Rettig’s Library RCS aa) 
UI Programmer-user interfaces PC $ 249 


RECENT DISCOVERY 


COBOL/2 by MicroFocus - OS/2 
and DOS Protected mode. 9 language 
variants, network support, syntax 
checker, fast code, debugger, huge 
model, interface to C. PC $ 749 


Editors for Programming 


BRIEF Programmer’s Editor PC Call 
de - EMACS-style 
EMACS by UniPress Source: $895 $ 265 


Epsilon - like EMACS PC $ 149 
KEDIT - like XEDIT PC $ 99 
ME Macro Editor - Source PC $ 79 
Micro Focus Micro/SPF PC $ 139 
MKS VI MS $ 65 
PC/EDT - macros PC $ 229 
PC/VI - by Custom Software MS $ 109 
Personal REXX - V1.6 PC $ 99 
PMATE - power, multitask PC $ 109 
SPF/PC - Version 2.0 PC ESaiSg 
Vedit PLUS MS $ 129 


| C Language-Interpreters 


C-terp by Gimpel - full K & R MS $219 
C Trainer - by Catalytix 
INSTANT C - source, debug. MS $369 
Interactive C by IMPACC Assoc. PC $189 


Run/C Professional MS $155 

Run/C Lite MS $ 79 
C Libraries-General 

Blackstar C Function Library PC $119 

C Tools Plus - Blaise PC $ 99 

C Utilities by Essential PC $119 


Entelekon C Function Library PC $119 


Entelekon Superfonts for C PC $ 45 
Greenleaf C Sampler- 107 
functions PC $ 69 


Greenleaf Functions-portable, ASM $139 
LIGHT TOOLS by Blaise PC $ 69 


C Libraries-Files 


BTree by Soft Focus MS $ 69 
CBTREE - Source, noroyalties MS $ 99 
ctree by Faircom - no royalties MS $315 


ctree w/ rtree MS $519 
rtree - report generation PC $239 
dB2C Files MS $179 
dB2C Toolkit V2.0 MS $249 


dbQUERY - ad hoc, SQL- based MS Call 
dbVISTA - full indexing, plus optional 


record types, pointers, Network. 
Object only-MS C, LAT, C86 MS_ Call 


Source - Single user MS Call 
Source - Multiuser MS Call 
dBx - translator MS $299 
w/source to library MS $429 


FEATURES 


OS/286 & 386 - Access 16M RAM 
in 286, 386 native mode. DOS 
interface, access. Use existing 
compilers or 32-bit FORTRAN, C, 
PASCAL. PC $495 


ACTOR by Whitewater Group - Graphic, 
object-oriented language for proto- 
typing, interactive programs and MS 
Windows applications. Fast feedback, 
integrated editor, debugger. Call 
to multiple languages. 


PC $419 
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provides complete information, advice, guarantees and every product for Microcomputer Programming. 


SPECIAL PRICES 
386 TOOLS 


DEVELOP 7 TIMES FASTER! 


HUMMINGBOARD 386 - Develop 2.6 or 7.9 
times faster than a 8 MHZ AT. AT or XT 


addin board uses dual processors for Speed and 
Hardware Debugging. 16 MHZ or 20 MHZ. 
Call about Benchmarks. Trial Program. 


C Support-Systems 


Advantage C+ + PC $479 
C Sharp - realtime, tasks. PC $495 
C ToolSet - DIFF, xref, source MS $ 89 
Lattice Text Utilities MS $ 89 
Multi-C - multitasking RE S135 
PC LINT-Checker. Amiga $89 MS $ 99 
Pfantasy Pac - by Phoenix PC $599 
PforCe + + PC $209 
Pre-C - Lint-Like MS $155 


Quickshell - script compiler PC $349 
Sapiens V8 - 8M workspace PC $269 
SECURITY LIB - Source $229 PC $115 
Timeslicer PC $265 
with library source PC $895 


C-Screens, Windows, Graphics 


C Power Windows by Entelekon PC $109 
C Worthy Interface Library PC $249 
Curses by Aspen Scientific PC $109 


Curses by Lattice PC $ 89 
dBASE Graphics for C PC $ 69 
ESSENTIAL GRAPHICS - fast PC $185 
FontWINDOW/PLUS PC $229 
GraphiC - new color version = PC $279 
Greenleaf Data Windows PC $159 
w/source PC $269 
Panel/TC - for Turbo C PC $ 95 
Screen Ace Form Master PC $159 
TurboWINDOW/C - for TurboC PC $ 79 
View Manager - by Blaise PC $199 
Vitamin C - source, menus PC $159 
VC Screen - screen paint PC $ 79 
Windows for C - fast PC $149 
Windows for Data - validation PC $239 
ZView - screen generator MS $129 
Debuggers 
386 Debug - by Phar Lap PG $129 
Breakout - by Essential PE S89 
CODESMITH - visual PC $ 99 
C SPRITE - data structures PC $119 
DSD87 PC $ 79 
Periscope I PC*$275 
Periscope II PC $139 
Periscope II-X PC $105 
Periscope III- 10 MHZ Version PC $899 
Pfix-86 Plus - by Phoenix PC $209 
Turbo TDebug PC $ 49 


SoftProbe II - embedded systems PC $695 


Translator 


dB2C - requires toolkit MS $249 
RTC PLUS by Cobalt Blue MS $399 
TP2C : PC $219 
Turbo-to-C-Tools by TGL PC $479 


Call before December 31, 1987 and mention 
this ad for these SPECIAL PRICES: 


List Normal SPECIAL 


DesqView PS/2 $ 130 $ 109 $ 89 
PC/MOS/386 $195 $ 179 $ 159 
XENIX System V 

Complete System $1495 $1149 $1095 
Development System $ 695 $ 589 $ 559 
Operating System $ 695 $ 589 


Fortran & Supporting 
50:More FORTRAN PC $ 95 


I/O Pro - screen development PC $219 
MACFortran by Microsoft | MAC $229 
MS Fortran - 4.0, full 77° MS $279 
No Limit - Fortran Scientific PC $109 
Numerical Analyst by Magus PC $249 
PC-Fortran Tools - xref, pprint PC $165 
RM/Fortran MS Call 
Scientific Subroutines - Matrix MS $129 


Multilanguage Support 


BTRIEVE ISAM MS $185 
BTRIEVE/N-multiuser MS $455 
Flash-Up Windows PC S79 
GSS Graphics Dev’t Toolkit PC $375 
HALO Graphics PC $209 
Hoops Graphics Library PC $549 


Informix 4GL-application builder PC $789 
Informix SQL - ANSI standard PC $639 
NET-TOOLS - NET-BIOS PC $129 
Opt Tech Sort - sort, merge MS $°99 


PANEL MS $215 
PANEL Plus MS $395 
Pfinish - by Phoenix MS $229 
PolyBoost - speed I/O, keyboard PC Call 
Polylibrarian by Polytron MS Call 


PVCS Corporate or Personal MS Call 
Report Option - for Xtrieve MS $109 
Screen Sculptor PC $ 89 
SSP/PC - 145+ math routines PC $269 
Synergy - create user interfaces MS $375 
Xtrieve - organize database MS $199 
ZAP Communications- VT 100 PC $ 89 


Pascal and Supporting 


ALICE - learn Pascal PC $ 49 
Exec - Chain Programs MS $ 79 
Marshall Pascal MS $155 
MetaWINDOWS-graphics tools PC $159 
MctaWINDOWS PLUS PC $229 


Microsoft PASCAL - faster MS $189 
Pascal 2 - by Oregon Software MS $319 


System Builder PC $129 
Turbo Extender by Turbo Power PC $ 65 
TurboHALO RE S295 
Turbo Optimizer - object only PC $ 59 
Turbo Pascal MS $ 65 


Universal Graphics Library PC $119 
DataBase & File Management 


DataFlex by Data Access PC $ 899 
Dataflex multiuser PC $1149 
Magic PC PC $ 699 
Paradox - original PC $ 369 
Revelation by Cosmos RC SP 79) 


RECENT DISCOVERY 


PC-MOS/386 by Software Link - multi- 
tasking operating system supports up to 
25 users in 8086 and 386 simultaneously. 
Single user. PEsSs.159 


Other Languages 


APL*PLUS/PC PC $ 369 
CCS Mumps - Multiuser PCS 359 
CCS Mumps - Single user PC $ 49 
Microsoft MASM MS $ 98 
Modula-2-V3.0 Compiler Pack PC $ 75 
Modula-2 -V3.0 Dev. System PC $ 219 
PC Forth+ - by Lab Micro PC $ 189 
Smalltalk/V MS $ 85 
SNOBOL4 + - great forstrings MS $ 80 
$ 


UR/Forth MS 


Basic Interpreter - by Microsoft $ 209 
C-Terp by Gimpel Software $ 
Cobol - by Microsoft $ 
Cobol Tools - by Microsoft $ 
dBQuery - multi source $ 
Fortran or Pascal - by Microsoft $ 419 
FoxBASE + $ 
MicroFocus Lev. I] Compact COBOL$ 
Panel $ 
RM/Cobol or RM/Fortran 

Vedit + $ 
Xenix Complete System $ 
Xenix Development System $ 


Other Products = 


386 Assembler/Linker PC $ 389 
386/DOS Extender PE S$, 99 
Advantage Link PG S$ 359 
ASMLIB - 170+ routines PE’ $ 125 
Back-It by Gazelle MS $ 119 
Backup Master PC 79 
Beyond. Bat PE 85 


Dan Bricklin’s Demo Program PC 
Desqview by Quarterdeck RE 
Disk Technician - smart upkeep PC 
Fast Back V1.5 for PS/2 PE 
Help/Control - on line help PC 
Instant Programmer’s Help MS 


Interactive Easyflow V5.0 PC $ 125 
Link & Locate - Intel tools MS $ 329 
LMK - like UNIX make MS 139 
Microsoft Windows PC 69 


Software Development Kit = PC 
MKS Toolkit - Unix, vi, awk PC 


t 1 = 
N 
Ko) 


Norton Commander RE 55 
Norton Utilities Advanced MS 99 
Plink86 PLUS - overlays MS $ 279 
Polymake by Polytron MS Call 
PolyShell by Polytron MS Call 
Q-Dos II by Gazelle Pe Sy 59 
RPG II Compiler PC $ 639 
Sapiens Make MS $ 65 
Source Print - V 3.0 P@ $s) a5 
Taskview - ten tasks RE $55 
Tree Diagrammer RG Sy 65 
Visible Computer: 80286 RES) 89 
Xtree - classic graphic tree RG Se 45 


Call for a catalog, literature, advice and service you can trust 


ee HOURS 


8:30 AM - 8:00 PM EST. 


800-421-8006 
Your complete source for software. services and answers 


5-L.Pond Park Road, Hingham, MA 02043 
Mass: 800-442-8070 or 617-740-2510 10/87 
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“Since the first time I ordered software from you, I have 
trusted any recommendations your salespeople have 
made.” 


V.J. Tarricone 
SPM Instrument 


Announcing - the database 
development system that 
you designed. i 


C PROGRAMMERS- 
We asked what you 
wanted in a database 


RAIMA’S COMMITMENT TO YOU: No Royalties, Source 
development system and 


Code Availability, 60 days FREE Technical Support and 


we built it! : our 30-day Money-Back Guarantee. Extended services 
db_VISTA III™ is the database development system for available include: Application Development, Product 
programmers who want powerful, high performance Development, Professional Consulting, Training Classes 


DBMS capabilities ... and in any environment. Based on and Extended Application Development Support. 
the network database model and the B-tree indexing 
method, db_VISTA III gives you the most powerful and HOW TO ORDER: Purchase only those components 


efficient system for data organization and access. From you need. Start out with Single-user for MS-DOS then | 
simple file management to complex database structures add components, upgrade ... or purchase Multi-user 

with millions of records. db_VISTA III runs on most with Source for the entire db_VISTA III System. 

computers and operating systems like MS-DOS, UNIX, It’s easy... call toll-free today! 

VAX/VMS and OS/2. It’s written in C and the complete 

source code is available, so your application perfor- ere EE SONAL DEMS Hales 


mance and portability are guaranteed! With db_VISTA eVERES * Ea 
+e 


III you can build applications for single-user microcom- REtwoRk MODRnnue ane viene 


| > |e | 


puters to multi-user LANs, up to minis and even main- RECORD 1 RECORD 2 SPS NOTA Cube orn 
a relational DBMS’s with direct 

frames. Overhead = = access to data and less data 
showninred [ B | [| EF redundancy. Your applications 

and pink. run faster and more efficiently! 


The db_VISTA III" Database Development System =e 


fl ab_vista™. The High Performance DBMS 
The major features include: 


db__VISTA III™ Database 
Development System 


: : ® C Compilers: Lattice, Microsoft, IBM, ip Y $595 - 3960 
© File and record locking. Aztec, Computer Innovations, Turbo C,  QUER $595 - 3960 
» Automatic database recovery. XENIX, and UNIX. db_ REVISE” $595 - 3960 
isaction processing and logging. © LAN systems: LifeNet, NetWare, PC Net- e 
imestamping. work, 3Com, SCO XENIX-NET, other NET yen 
ibase consistency check utility, BIOS compatible MS-DOS networks. db_VISTA” File Manager Starts at $195 


methods based on the network 
and B-tree indexing. Uses db_QUERY:” The SQL-based Query. 
rect “‘set”’ tions and B-tree in- ® Provides relational view of db_VISTA 
independently for design flexibility 
yrmance. 
1 easy-to-use interactive database access 


We'll answer your questions, help 
determine your needs and get you started. 


_. CALL TODAY! 
1-800-db-RAIMA 


(that’s 1-800-327-2462) 


RAIMA 


CORPORATION 


3055 112th Avenue N.E., Bellevue, WA 98004 (206)828-4636 
Telex: 6503018237MCIUW FAX: (206)828-3131 


applications. 

© Structured Query Language 

® C linkable. 

© Predefine query procedures or run ad-hoc 
queries “‘on the fly”. 


ilities for importing/export- 

text and dBASE II/II files. 

ion Language patterned [J db_REVISE™: The Database 

ee = Restructure Program. 

‘memory disk caching for fast - © Redesign your database easily. 
oS 2 2 © Converts all existing data to revised design. 


's feature royalty-free run-time distribution, source code 
our Commitment to customer service. That’s why corporations 

:1, Hewlett-Packard, IBM, Northwestern Mutual Life, UNISYS 
ur products. 


Cl 12/87 


ESIGNING WITH DATA BASES 


ach month I ap- 
“fe be ply my thoughts 
on DBMS design 


and the tools that make it possible to 
nine products: Cincom Systems Inc.’s 
Supra, Informix Software Inc.’s Infor- 
mix, Dunn and Bradstreet Corp.’s NO- 
MAD2, Unify Corp.’s UNIFY, 
DataAccess Corp.’s DataFlex, Ashton- 
Tate’s dBASE III Plus, Cosmos Inc.’s 
Revelation, Microrim’s R:Base System 
V, and Ansa Software’s Paradox. When I 
began this column in March 1987, I had 
access to reasonably recent releases of 
those products. In some cases, upgrades 
have been released since then. In fact, 
Cosmos just released a major upgrade of 
Revelation called AREV, which I will 
use from now on. 

But I run at least two of the products 
(Informix and UNIFY) on very old 
hardware, and I doubt I will ever get up- 
grades under this architecture. Neverthe- 
less, as I acquire upgrades, I will let you 
know which versions I am basing my ex- 
amples on. 

Report-generating utilities are typical- 
ly more complex and difficult to use than 
their screen-generating counterparts 
since the printed page moves in one di- 
rection only, allowing less freedom than 
the CRT allows. While many report-gen- 
erating applications manage with mini- 
mal entry screens—provided the ability 
to manipulate records in multiple tables 
can be managed with some sort of proce- 
dural coding customizations—output is 
frequently given to upper-management 
people who expect proper heading and 
footing information, elaborate breaks for 
subtotaling, and possibly information 
from many tables joined in one integrat- 
ed report. 

The purpose of many DBMS-based 
applications, besides facilitating business 
operations, is to provide reports to man- 
agement personnel who use the informa- 
tion to make decisions. Data input might 
be managed very simply on the screens, 
although complex operations often occur 
behind the scenes during the input pro- 
ceeding. But reports and the information 
they contain are frequently the bottom 


Exploring report-generating utilities 


By Matthew Rapaport 


line behind the decision to automate any 
business operation, with or without a 
DBMS. This is true of management re- 
ports that support decision making and 
other types of output such as payroll 
checks, invoices, statements, and tax 
forms. 

Ironically, report generation is prob- 
ably the most boring aspect of applica- 
tion development and, not infrequently, 
one of the most troublesome. So much 
the better if a DBMS product is properly 
chosen to facilitate the range of reports 
expected for a given application suite. 


eport-generating 
af utilities come in 
three flavors: 


nonprocedural or high-level procedural 
string code generators that produce out- 
put (which could have been typed in ini- 
tially by the developer), producers of 
code immediately executable by the 
DBMS run-time engine but not further 
malleable by the application developer, 
and list processors. 

Nonprocedural or high-level procedur- 
al code generators produce.code in a gen- 
eral-purpose DBMS language or a 
language specific to report generation. 
They may also use screen templates, in- 
corporating them directly into their code 
(as DataFlex does), or converting the im- 
age into quasiprocedural code. In either 
case, the generator-usually produces fair- 
ly simple reports. In contrast, language 


facilities often available for enhancement 


are very powerful when used by knowl- 
edgeable programmers. 

Executable code generators are the 
newest of the three types and are pure 
template systems. I have a hard time 
calling them languages, but mastering 
them can require the same amount of 
time as mastering some other types of re- 
port generators. 

List processors are subsets of what 
might have been a larger language 
(SELECT, COUNT, SUM, and LIST 
statements, for example) with an elabo- 
rate set of possible arguments and op- 
tions, including options to produce 
headings, footings, and breaks with to- 
tals. I discussed list processors in Revela- 
tion and NOMAD? in “Fourth 
generation languages” (Designing with 
Data Bases, COMPUTER LANGUAGE, 


Oct. 1987, pp. 25-34). Important fea- 
tures in list processors such as these 
products include: 

w Heading and footing capabilities 

@ Creating multiple levels of subtotals 
and break counters 

g Listing from multiple tables 

@ Producing summary reports of break- 
ing subtotals without detail records 

= Support for complex Boolean expres- 
sions to set filter on the records returned 
mw Comparing (with Boolean expressions) 
values in record attributes as they vary 
from record to record, for example LIST 
SALESPERSONS WITH COMMIS- 
SION LESS THAN 0.5 * DRAW 

@ Cross-tabulation capability—display- 
ing attributes on an x axis with their 
record-by-record instances down the page 
and attributes on the x axis in math- 
ematical relation (sum, quotient, prod- 
uct, etc.) to attribute values on the y axis 
(I know of no micro-based product with 
this capability, which makes products 
like Borland International’s Reflex useful 
if the data can be conveniently applied) 
m Operating—possibly without the use of 
some functions—on ASCII files 

w Displaying calculated fields such as 
row totals, averages, or any arbitrary 
user-created functions. 

Of course, these features are desirable 
in any report generator. But with nonpro- 
cedural or high-level and executable code 
generators, many of these capabilities are 
achieved by operations on data tables to 
produce a preorganized data file for in- 
put to the report script or by Boolean 
operations inside report script files. The 
latter are collections of procedural 
and/or nonprocedural statements in a re- 
port-specific language. 

The REPORT command in dBASE 
III does not have all of the features I de- 
scribed. It provides heading and footing 
information and limited breaking capa- 
bilities (the breaking fields must be in- 
dexed). But I have never known the 
report requirements of a dBASE III pro- 
duction application to be satisfied by the 
REPORT command. 

lam excluding from the features cate- 
gory of report generators the listing ca- 
pabilities of the command languages of 
d:BASE III (FIND, LOCATE, and 


25 


vLIB 


the user interface library for C 


A comprehensive, easy to use 
library of custom C functions for 
building sophisticated PC applica- 
tions. 


Windows e overlapping, tiled, 
built-in window 
manager 
vertical, horizontal 
("Lotus" style), 
pulldown ("Mac" 
style) 
single call input 
and display, multi- 
ple field types 

Pop Ups e messages, prompts, 
selection lists 

Full Editing Input 


High Speed Display 
.. and much, much more! 


Give your programs a profes- 
sional look! Develop applica- 
tions faster! 


Compilers supported: Microsoft C 
and Quick C, Borland Turbo C, 
Lattice C, and Datalight C. 


All memory models supported. 


Demo disk with usable 
sample programs, source, 
and reference card . ._. $10 


Library with reference card 
and detailed programmer’s 
MaAanUaly pes eee at when ea SOD, 
Library (as above) with full 
souree code 


. $149 


Prices include shipping, CA resi- 
dents add 7% sales tax. 


No royalties. Site license available. 


Call or write today: 


Pathfinder Associates 
291 Madrone Avenue 
Santa Clara, CA 95051 


(408) 984-2256 


Visa and MasterCard accepted. 
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SEEK commands), R:Base System V’s 
SELECT command, the point-and-select 
query system of DataFlex, and SQLs or 
SQL-like languages. List processors are 
a highly specialized subset of SQLs. 
SQLs’ list capabilities are usually 
limited to columnar reports with limited 
breaking and totaling abilities but with- 
out flexible heading, footing, or page-for- 
matting capabilities. Therefore, SQLs 
are not report-generator languages or 
utilities. Exceptions are NOMAD2’s 
LIST and SELECT commands, which 
are statements in a larger, SQL-like, 
nonprocedural language that encom- 
passes all of the functions of data cre- 
ation, update, and manipulation except 
for the creation of the data schema. - 
DataFlex generates high-level proce- 
dural code similar to that for screen-gen- 
eration purposes, as I discussed in 
“Screen and report generators” (Design- 
ing with Data Bases, COMPUTER 
LANGUAGE, Nov. 1987, pp. 25-32). 
The developer paints an image of the re- 
port with titles, record sections, subtotal 
levels, and so on. The report may be as 
many columns wide as the editor used to 
create the template permits. Each of the 
various levels is signaled by a slash (/) in 
the left margin of the screen, followed by 
an appropriate keyword; for example, 
SUBTOTAL.1, SUBHEADING.2, etc. 
DataFlex handles fairly simple colum- 
nar reports that lend themselves to a 
nested set of breaks and totaling levels. It 
handles some types of calculated fields 
automatically. Break counts and row to- 
tals (or other predicate operations) can 
be handled automatically within a record 
but not between records (except for sub- 
totals). The code generator produces a 
wide variety of relational selects and pro- 
jects on source tables but does not allow 
joins between tables. However, the result- 
ing code (the same macro language gen- 
erated by the DataFlex screen generator) 
can be modified to fulfill almost any pur- 
pose, including checks and statements. 


Flex uses a screen template to produce 
editable code. Like its screen generator, 
the report template becomes an integral 
part of the precompiled, editable code. 
The window slots painted by the develop- 
er are the targets of the data output 
statements. In DataFlex’s highest-level 
macro code, the output-statement-win- 
dow relationship is automatic, but several 
procedures exist for the developer to gain 
control over the format and placement of 
data in the windows. 

UNIFY’s report language is not tem- 
plate driven but an entirely self-con- 
tained string language. The UNIFY 
RPT processor is a compiler /interpreter 
that takes nonprocedural string state- 
ments (the language contains explicit 


f the nine prod-_ 
oie ucts I work 
with, only Data- 


loop constructs as well) placed in a file 
by a developer and produces the format- 
ted output. 

The data upon which the UNIFY 
code works is the output of an SQL oper- 
ation—using selects, joins, projects, sorts, 


_ and so on—on the tables comprising the 


data base. This output is sent to an AS- 
CII file (space delimited with quotes sur- 
rounding fields that contain spaces) the 
report code reads. 

The code performs data formatting 
and projection on paper. UNIFY has 
about 53 keywords with many options in- 
cluding a sort capability that supersedes 
any sorting present in the input file. The 
language contains date functions and can 
manipulate any number of variables nec- 
essary to generate output, even if they 
consist of computation results only. 

Although this system is old, it has 
some advantages. Specifically, it is flexi- 
ble with respect to the original source of 
the data. UNIFY performs its full range 
of functions on ordinary ASCII files 
(something even NOMAD2 cannot do). 
Thus, it unites the reporting operations 
of disparate systems, as long as they can 
be made to generate flat output files and 
perform necessary joins before generat- 
ing their output. About half of the nine 
products I’ve discussed would be able to 
feed a UNIFY report script without re- 
sorting to procedural code. 

Like UNIFY, Informix’s report lan- 
guage is a mixture of procedural and 
nonprocedural statements and does not 
use screen templates. Unlike UNIFY, it 
operates on data formatted in its internal 
schema only. This makes a report some- 
what easier to execute since you are not 
forced to first generate a separate input 
file; but it also means that table joins 
must be performed as a function of re- 
porting (unless temporary joined tables 
are set up as input to the report process). 
Both UNIFY’s and Informix’s reporters 
are capable of producing checks or state- 
ments as well as columnar output. 

Because of the variable-handling capa- 
bilities of UNIFY and Informix, it 
should be possible to produce cross- 
tabulations using either report language. 
Both have automatic default reports that 
operate over one table at a time and pro- 
duce source output in the report lan- 
guage. The code generated by both 
Informix’s and UNIFY’s standard re- 
ports is limited to the nonprocedural con- 
structs of the report language. 
Developers do not have to start from 
scratch to build a report, but the defaults 
are very simple, and most applications 
require extensive customizations. 7 


ince you can gen- 
oye erate any con- 
ceivable type of 


report with the procedural languages of 
the nine products I’ve mentioned, choos- 
ing a product for report-generating fa- 


MICRO FOCUS COBOL/2 


The Next Generation language 


Personal computing is growing up. And 
Micro Focus COBOL/2™ is the language 
for meeting the challenges of the next 
generation. 


Micro Focus COBOL/2 is the COBOL that 
-_IBM* has logoed for OS/2* and the Personal 
System/2*. It is the ideal compiler system for. 
developing, testing and running the huge, 
fast and feature rich application systems 
possible on OS/2. And, it will let you build 
huge, complex, multi-user applications on 
DOS using the same COBOL you're used to 
on mainframes and minicomputers. 


Micro Focus COBOL/2 understands more 
COBOL dialects than any other COBOL 
compiler on any machine. Migrate your IBM 
mainframe OS/VS COBOL or VS COBOL II 
applications to PCs with Micro Focus 
COBOL/2. Or, enhance and upgrade your 
PC-based applications to take advantage of 
the latest hardware. 


Don’t wait any longer. 


A Technical Overview of 
Micro Focus COBOL/2 


Fast native code compile and execution 
Multi-user file handling at no extra cost 
Compiles more COBOL dialects and modules 
High Level ANSI’85 and ANSI'74 
IBM mainframe COBOLs 
Micro Focus Level II COBOL™ 
DG Interactive COBOL 
Microsoft” COBOL 
Ryan-McFarland COBOL 
REPORT WRITER module 
Includes Micro Focus ANIMATOR™— the visual 
debugger 
Based on a 32-bit compiler architecture for 
handling mainframe-sized programs 
Royalty-free Run Time System option 
Link to Assembler and C programs 
True variable length record support 
Network support 
Available on 514” or 3%” media 
Supported by a wide range of software tools, 
source code generators, and services 


Micro Focus COBOL/2 has the features now that you've been waiting for: multi-user support, 
OS/2 working, protected mode applications, ANSI’85 COBOL and mainframe COBOL, and 
much more. You can’t get these features anywhere else .. . not in any other COBOL, not in 
any other language, not at any price. Micro Focus COBOL/2 has it all. 


Call us now or contact your dealer. 


You need Micro Focus COBOL/2 to keep pace with today’s technology. To build the next 
generation of applications for PCs. To utilize existing COBOL code for new markets. To 
improve programmer productivity. And the best part is the price. Micro Focus COBOL/2 is 
only $900. 


Dial 800-87-COBOL toll free to place your order. 
MICRO FOCUS 


A Better Way of Programming™ 


US: 2465 E. Bayshore Road, Palo Alto, CA 94303, Tel: (415) 856-4161, Telex: 278704 MFCIS UR 
UK: 26 West Street, Newbury, Berkshire RG13 1JT, Tel: (0635) 32646, Telex: 848046 MICROF G 


*IBM is a registered trademark, OS/2 and Personal System/2 are trademarks of International Business Machines Corporation. Microsoft is a registered 
trademark of Microsoft Corporation. 
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cilities depends on application 
requirements, the target user group, and 
programmer talent. In data-processing 
applications, a good nonprocedural re- 
port language can speed up development 
markedly. The question is, how much 
will you require or be able to modify, ex- 
tend, or optimize the basic workings of 
the report generator? 

Of the products I’ve discussed thus far, 
only NOMAD2, UNIFY, and Informix 
have report functions that produce most 
or all of the reports necessary for data- 
processing operations without resorting 


to procedural code. Management infor- 
mation systems (MIS) or data systems 
(DS) are another matter, and neither 
UNIFY nor Informix are useful for pro- 
ducing complex ad hoc reports. 

The distinction between our first cate- 
gory of reports and the list processors is 
somewhat arbitrary. In the strict sense, 
list processors are report-dedicated lan- 
guages like those of UNIFY and Infor- 
mix, except they are entirely 
nonprocedural instead of a mix of types. 
List processors can also be executed di- 
rectly from the DBMS command line 
(ad hoc), which is not possible with the 


report languages of UNIFY or Informix. 


Complete C Programs 
in Half the Time, 
with Instant-C™ 


Instant-C helps you create a working, well-tested program faster than 
any other interactive C development system. Much faster than traditional 
compilers, linkers, and debuggers. 


Hz! to believe? Here's how we do it. 
Because Instant-C is a high-per- 
formance interpreter there are no com- 


pile or link delays. Change your program, 


then test it immediately. No matter how 
large your program, the turnaround time 
is just seconds. 


“Instant-C means instant gratification. —PC 
Magazine, Editor’s Choice for best C interpreter. 
10/29/85 

“Time after time, the Instant-C prompt was 
starting back just barely after pressing Enter” — 
PC Tech Journal, 5/86 


Source-level debugging saves your time. 


- set any number of conditional 
breakpoints in your program; 

- stop execution from keyboard; 

- single-step by source statement; 

- examine and change variables or 
code, and continue execution; 

- execute any statement or function 
directly for instant testing; 

- display source code back-traces; 

- source code animation; .. 

- monitor data changes; 


- full-screen and multi-screen support, 


even with non-standard graphics 
devices. 


“The resulting debugging and testing 
capabilities are fantastic and the detailed 
trace/debug/display commands make it easy.” — 
The C Journal, 5/85 : 


Run-time checking stops your program 
as soon as errors.occur, when bugs are 
easiest to understand and fix. 
- pointer references checked for 
reasonableness; 
- array indexes checked within 
declared bounds. 


Not only does Instant-C help you quickly 
change, test, check and debug your code, 
but it runs your program faster than any 
other C interpreter. Fifty to 500 times 
faster! Fast enough for real programs, - 
even fast enough for real-time programs. 


“It is much faster than any of the other products 
mentioned and was the only one able to 
complete the standard SIEVE in a reasonable 
time. Clearly, this high speed allows much more 
complex problems to be attacked with Instant-C 
than with any of the other products 
discussed.”— Computer Language, 2/86 


Immediate feedback and more than 400 
diagnostics makes /nstant-C great for 
learning C. Full K&R and the ability to 

link compiled object code and libraries 
(Lattice and Microsoft) makes Instant-C 
compatible with your existing programs. 


“When you get right down to it, I don't think 
there's a better way you could learn C.’"— 
Programmer's Journal, 3/85 

“Clearly, Instant-C is the performance 
champion.’—PC Tech Journal, 5/86 


The bottom line for your business is in- 
creased productivity. The result for you is 
a job well done, and quickly. 


“We sincerely feel that Instant-C can have a 
major positive impact on programmer 
productivity’ — Computer Language, 2/85 
“Instant-C by Rational Systems is a C 
programmer's dream.’ —Micro/Systems Journal, 
3/86 


Version 2 is available for MS-DOS and 
PC-DOS, and comes with a full 31 day 
money back guarantee. /nstant-C is only 
$495. Order today! Call or write for full 
information. 


Rational 20.8480 


Natick, MA 01760 
Systems, Inc. (617) 653-6194 


The newest style of report generation 
is found in products like R:Base System 
V, Paradox, and Revelation’s (AREV) 
FORMS generator. The report utilities 
of R:Base System V and Paradox are 
very similar to their screen-generating 
counterparts, which is untrue of any of 
the other products, with the exception of 
DataFlex. 

With these two products, the output of 
report creation is a file managed inter- 
nally to the DBMS directory consisting 
of tokens interpreted at run time by the 
DBMS run-time engine. The developer 
can enhance the code only by reiterating 
the report-generator process and building 
progressively more complex reports with 
the generator utility. As you might ex- 
pect, these two-dimensional systems 
(two-dimensional because the developer 
paints the report on the CRT, providing 
special instructions for placement of 
headers, break titles, page sizes, etc.) far 
surpass the basic report-generating capa- 
bilities of the older systems. Much more 
elaborate output can be formatted with- 
out resorting to programming procedural 
or nonprocedural code with string 
statements. 

Conversely, the report generators of 
R:Base System V and Paradox are not as 
flexible in the long run. If the reporting 
requirements of a particular application 
cannot be satisfied with these reporters, 
a developer has no choice but to start 
from scratch with the products’ proce- 
dural language (R:Base System V and 
Paradox do not support elaborate console 
or printer I/O well). 

In R:Base System V, a developer 
makes successive passes through a report 
screen, creating and placing literals, data 
windows, and variables whose formulas 
are specified in a list of variable formu- 
las as part of the report-building process. 
Switches in the left margin of the screen 
set the various nested report levels— 
headings, break titles, subtotals, detail, 
footings, grand totals, etc. 

In Paradox, the steps to report cre- 
ation are more seamless. Literals, vari- 
ables, data windows, and report levels 
can be assigned as part of one process. 
The Paradox system is easier to use ini- 
tially if you are familiar with its general 
philosophy and operation. For those 
whose only interaction with an applica- 
tion is creating and generating reports, 
the self-contained style of the R:Base 
System V reporter would probably be 
easier to grasp. 

R:Base System V and Paradox gener- 
ate reports from one-table at a time. This 
limitation is overcome in both systems by 
the use of variables that can be assigned 
values based on the relationship between 
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Hotshot has 3 border types and 6 thicknesses| 


Cc D E iF 


HotShot has 8 levels of shading| 
plus inverse' 


Picture Database 


° Edit Both Graphics and Text Screens 


@ Instant Presentations 


| What They're Saying About HOTSHOT 


| “HOTSHOT: The right way to get PC screen shots.” 
— Stewart Alsop, PC Letter 
“HOTSHOT is the best solution we know of for PC screen 
| capture. It works well with PageMaker. We recommend 
it highly!” 
| — Michael Sherwood, PageMaker, Product Manager, Aldus 
| “HOTSHOT is one of the classiest utilities I’ve seen in the 


ea 


past couple of years! 
—John C. Dvorak, PC Magazine 
| “indispensible for preparing [manuals and training mate- 
| rial]... The quality of the laser-printed output is stunning.” 
| —Jim Seymour, PC Week 


Plus 


e Size to Fit 


@ File Conversion 


e Perfect Printing 
® Capture Both Graphics and Text Screens 


HOTSHOT PLUS Specifications 


Memory Required: Screen capture (co-resident module: 

20K). Non-resident portion 384K RAM. 

Hardware Required: Floppy and one hard disk, 512K 

RAM and HOTSHOT-supported monitor. 

Mice: Microsoft and compatibles, Logitech, Mouse | 

Systems. — 

Screen Modes: Text - MDA (80x25); Graphics -CGA, EGA, 

VGA, MCGA, ATT 6300 (mono only), Hercules. 

Dot-Matrix Printers: Epson FX and compatibles, IBM Pro- | 

printer, Okidata 90 Series, Toshiba 3in 1, HP ThinkJet. 

Laser Printers: HP LaserJet Plus, HP Series Il, AST Turbo- } 

laser, Apple LaserWriter and other PostScript machines, 
| and LaserMaster CAPCard. 
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a record in the report table and related 
records in other tables, and/or by gener- 
ating report-base tables from joins or ex- 
ternal views linking multiple tables. 
R:Base System V supports ad hoc joins, 
projects, unions, intersections, subtrac- 
tions, and external views. Paradox sup- 
ports a full range of relational operators 
for producing temporary tables, but not 
prespecified external views. Both sys- 
tems’ reporters can format a page for 
columnar reports and image-type reports 
like tax forms, bills, checks, and so on. 

The Revelation FORMS generator is 
a specialized cousin of the utilities of 
R:Base System V and Paradox. It is de- 
signed to produce noncolumnar reports 
and places one or more records from a 
table in any page format. A page may 
contain up to 32,000 characters (literals 
and data windows), which, translated 
into a square, would be 180 columns by 
180 rows per report page. FORMS 
prints data only, including symbolic 
fields. It has no provision for variable 
handling inside the form, but through a 
combination of dictionary and ad hoc 
definitions or symbolic fields associated 
with the data dictionary, most require- 
ments can be satisfied. 

Like the other systems, FORMS is 
template driven. Provided report develop- 
ers have the necessary power to add sym- 
bolic fields to table dictionaries, FORMS 
is capable of handling most, if not all, of 


New! 


SOFTWARE ENGINEERING IN C 


(Springer Books on Professional‘Computing) 
ISBN 0-387-96574-2 


THE ART OF C PROGRAMMING 
Robin Jones and Ian Stewart 


Here is a very clear and readable tutorial to the C programming 
language with several detailed applications illustrating important 
aspects of this versatile language. A major focus throughout the 
book is to introduce the distinctive features and power of C along 
with its basic constructs and concepts. Hobbyists and students 
alike will find The Art of C Programming a solid introduction to 


this important programming language. 


1987/186 pp./42 illus./Paper $18.50 ISBN 0-387-96392-8 


To order these or other Springer-Verlag computer science titles, send a check 

or, money order (plus $2.50 for shipping) to: Springer-Verlag New York, Inc., 

Attn: G. Kiely, 175 Fifth Avenue, New York, New York 10010. NY, NJ, and CA 

residents please add’state sales tax. To order by credit card, call TOLL FREE 
1-800-526-7254 (in NJ, 201-348-4033). 


Philip E. Margolis and Peter A. Darnell 

This unique new book is designed as a text for both beginner 

and intermediate-level programmers. The authors make few 
assumptions about the reader's prior computer experience, starting 
with a basic description of how source code is translated into its .~ > 
internal and executable form. The book also includes C’s more 
advanced features and documents the proposed ANSI Standard. 
1987/Approx. 500 pp./62 illus./59 tables/Paper $27.00 (tent.) 


the noncolumnar report types except 
cross-tabulation. 

Developers of the pure template, two- 
dimensional report generators inevitably 
market their products as easy to use. It is 
not obvious to me that they are easier to 
learn than a good list processor, although 
they produce a wider variety of report 
types than most list processors (with the 
exception of NOMAD2). 


ith respect to 
ot other types of 
report gener- 


ators, choosing a system depends on the 
talent a company dedicates to report and 
application development. If you lean to- 
ward classical report production style— 
you’ve got the human years of third or 
fourth generation procedural experience 
with string-language coded reports—you 
might find the systems of UNIFY and 
Informix (for data processing) or Revela- 
tion and NOMAD? (for MIS/DS) easi- 
er to get used to than the new generation 
of two-dimensional systems. At the very 
least, you will appreciate the added flexi- 
bility of those systems. 

However, the new systems are an im- 
provement in terms of ease of use by 
people who have no particular experience 
with either programming and/or the 
data structures of the data base. Such 
developers must expect to spend time— 
perhaps up to a week—developing expert 


skill with any system, but.a large variety 
of business-reporting requirements can 
be met with as little as one or two days 
of practice. In other words, these systems 
make moderately complex reporting easi- 
er to learn than the older systems, and in 


‘expert hands they are capable of satisfy- 


ing sophisticated data processing or 
MIS/DS report requirements. Their fun- 
damental drawback is that they’re not 
capable of satisfying all of these require- 
ments all of the time. 

Because a wide variety of report types 
are frequently required in MIS/DS ap- 
plications, and because this application 
type fosters a need for ad hoc develop- 
ment, reporting capabilities of a product 
must be counted fairly heavily in any 
evaluation. But the product’s support for 
presenting data to the report generator 
should not be ignored either. While the 
report generators of Informix and 
UNIFY do not appear to satisfy 
MIS/DS requirements, they are easily 
interfaced to data culled by SQL or 
SQL-like scripts (QUEL is one of the 
best known and respected SQL-like 
languages). 

These languages satisfy most data pro- 
cessing and non-data processing data-se- 
lection requirements. Combined with the 
variable-handling capabilities of the re- 
port generators, SQL-based products sat- 
isfy MIS/DS reporting requirements but 
require some nonprocedural program- 


Springer-Verlag. ..Speaking Your Language 


PROGRAMMING IN PROLOG 


Third Edition 


William F. Clocksin and Christopher S. Mellish 

The first book to examine Prolog as a practical programming 
language is now in its third edition. Revisions include an account 
of up-to-date programming techniques using accumulators and 
difference structures; new information of syntax errors, and 
Operator precedences that are now compatible with the most widely 
used implementations: Programming in Prolog has been further 
reorganized and the improvements in presentation are substantial. 


The best book on Prolog has gotten better and is still a must for 
anyone involved in logic programming today. 
1987/28] pp./7 illus./Paper $19.95 ISBN 0-387-17539-3 


Third Edition 


PASCAL USER MANUAL AND REPORT 
Revised for the ISO Pascal Standard 


Kathleen Jensen and Niklaus Wirth 

The definitive Pascal reference appears here in a new edition, 
revised for the ISO Pascal Standard. Updates to the text include: 
° use of Niklaus Wirth’s EBNF syntactic notation ° expanded 
user manual with improved program examples * an appendix 
summarizing changes from previous editions which were 
necessitated by the ISO Standard. As the use of Pascal grows in 
the commercial and academic worlds, this volume remains the 
standard text and reference. 

1985/266 pp./76 illus./Paper $17.50 ISBN 0-387-96048-1 


WATERLOO C 


delivers the highest quality 
C language programming environment 
for IBM mainframes. 


WATERLOO C's programming environment 
delivers these advantages: : 


e High Speed Compilation 

e Truly High Performance Code 

e Interactive Source-Level Debugging 

e Development Utilities 

e Comprehensive On-Line Documentation 


e Powerful System-Dependent 
Enhancements 


WATERLOO C is the high-performance 
development system for the IBM 370 
mainframe architecture under VM/CMS 
consisting of: 


1. Optimizing C Compiler 

2. C Run-Time Library 

3. Interactive Source-Level Debugger 
4. Development Tools 


WATERLOO C is ideal for new software 
development and for porting existing 
software to IBM mainframes. 


It will improve your response time and 
conserve your mainframe resources with 
an extremely fast compilation rate. 


It will generate truly high-quality code 
with an exclusive state-of-the-art optimizer. 


The compiler and library are also available 
for MVS which simplifies the development of 
software that runs on both CMS and MVS. 


WAT=z 


Dept. CL-12 

415 Phillip Street 
Waterloo, Ontario, Canada 
N2L 3X2 

Tel. (519) 886-3700 

Telex 06-955458 


WATERLOO C Feature Highlights 


COMPILER 

e Full Kernighan and Ritchie language definition 

e Extensions include: structure assignment, structure parameter passing 
and enumerated types 

e Optional assembler source code generation 

e Global base-register facility allows shared-segment applications 

e State-of-the-art optimizer 


RUN-TIME LIBRARY 

e Redistribution rights available 

e Partial source code for system-dependent portion 

e High performance input/output features 

e Numerous functions provide access to operating system facilities 


DEBUGGER _ 

e Source level © 

e Tracing, breakpointing and single-stepping 
e Optional machine-level access 

e Display/modify program data 


DEVELOPMENT ENVIRONMENT TOOLS 
e MAKE updates a program with a single command 
e GREP searches source files 

e DIFF displays the difference between two files 

e TXTREF cross-references TEXT files 


WATCOM PRODUCT SUPPORT 

e Our Customer Support Center provides timely expert assistance 
e WATCOM News 

e WATCOM Educational Services can provide training workshops 
at our facilities or on-site 


Find out how quickly and easily you can generate the 
highest quality code for IBM mainframes by writing or 
calling for the WATERLOO C complete product 
information package. 


Please send me your product information package which includes : 
benchmarks demonstrating that WATERLOO € delivers the highest 
quality code for BM mainframes and a complete product description. 

pa | would like to arrange for an evaluation copy of WATERLOO C 

iS Please send the WATCOM catalog. 


Please fill in below or attach your business card. Thank you. 


Neerie 
Company 

Street 

City State 
Telephone 


Or call: (519) 886-3700 
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C/ANALYST 


THE HIGH POWERED 
DOCUMENTATION TOOL 


You have been handed a few inches of 
code and have been asked to modify it. 
This tool can quickly bring you up to 
speed. Your C source code is parsed 
and installed in a database representing 
your entire program. From this 
database, C/ANALYST exhibits the 
program from different perspectives. 


PROCEDURE 
TREE 
GENERATOR 
automatically gener- 
ates calling trees of 
your program giving 
an immediate overview of the control 
flow in your program. Handles function 
calls via pointers and also macros. 
Generates diagrams sideways on dot 
matrix printers in sections. 


DATA FLOW 
DIAGRAMS show 
data interaction 
between modules. 
Find out quickly 
where data objects 
are set and referenced. 


GLOBAL CROSS REFERENCE of 
data shows where each object is set and 
referenced. Structure members are 
listed separately from other objects of 
the same name. Various listing options 
are provided. 


TASK REPORT produces a list of 
procedures and data objects and their 
usage by task. 


$145.00 + $5.00 shipping 


CALL US TODAY 
_ (503) 581-5622 
30-day money-back guarantee & 
generous update policy 


Needs MS-DOS 2.0 and above, all memory used, 
hard disk required for analysis of large programs. 
Works with popular dot matrix printers. 


SOFTWARE. 


2182 Westfarthing Way, NW 
Salem, OR 97304 
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ming skill or experience. Many small 
companies are not willing to take on the 
cost of training and keeping such talent- 
ed people on their staff, although one 
full-time employee could satisfy the re- 
porting requirements of several depart- 
ments, even using an older-style, 
nonprocedural tool. 

SQL-report interfaces cannot, howev- 
er, be produced ad hoc. They require 
some knowledge of DBMS parts besides 
the report generator. If a product with a 
good ad hoc list processor meets an ap- 
plication’s requirements, list-process re- 
porting can be performed by people with 
no other knowledge of the DBMS pack- 
age. This is a special plus in applications 
geared to middle management or where 
entry clerks with training for the oper- 
ation of their entry procedures occasion- 
ally produce.ad hoc reports. R:Base 
System V and Paradox can be extremely 
effective in speeding up applications de- 
velopment, especially in large- or medi- 
um-sized corporations where the product 
is used to satisfy the individual MIS/DS 
requirements of internal departments. 
These systems should not be used to 
build a corporation-wide MIS system, 
but rather for a small speciality oper- 
ation—possibly one of many small, oth- 
erwise disconnected applications in the 
corporation. ; 

A typical pattern for such a product is 
to support a small data processing or 


data processing/MIS/DS hybrid appli- 
cation that can be built almost entirely 
with nonprocedural systems, with or 
without programmer help. After a while, 
users will begin to teach themselves more 
about the product to enhance the appli- 


.cation. As a result, each department 


comes to have people who have some ex- 
pertise with the application, quite likely 
more than the programmer who con- 
structed the application. 

R:Base System V’s and Paradox’s re- 
port generators work for small companies 
that employ them as the sole corporate 
MIS and/or data processing system, but 
they must be carefully matched to the 
applications they address. A small com- 
pany cannot afford the time or expense 
of maintaining multiple, specialized sys- 
tems written in different languages. 

If all the application-reporting re- 
quirements cannot be met by reporting 
systems like those of R:Base System V or 
Paradox, then a small company would be 
better off choosing a system with a more 
flexible report system, even if it required 
more time to develop the skills necessary 
to generate the wide range of report 


types necessary. | 


Matthew Rapaport is currently em- 
ployed by AMEX Life Assurance in San 
Rafael, Calif., and has worked in fourth 
generation language environment devel- 
opment for six years. 


Products mentioned in this column 


DataFlex 

Data Access Corp. 3 
14000 S.W. 119th Ave. 
Miami, Fla. 33186 

(305) 238-0012 


ABASE Ill Plus 

Ashton-late 

20101 Hamilton Ave. 
Torrance, Calif. 90502-1319 
(213) 329-8000 


Informix 

Informix Software Inc. 
4100 Bohannon Dr. 
Menlo Park, Calif. 94025 
(415) 322-4100 


NOMAD2 

Dunn and Bradstreet Corp. 

1 Diamond Hill Rd. 

Murray Hill, N.J. 07974-0027 
(201) 665-5000 


Paradox 

Ansa Software 

1301 Shoreway Rd. 
Ste. 22] 

Belmont, Calif. 94002 
(415) 595-4469 


R:Base System V 
Microrim 

3925 159th Ave. N.E. 
Redmond, Wash. 98052 
(206) 885-2000 


Revelation 

Cosmos Inc. 

S683) 16th Pl S.E. 
Ste. 106 

Bellevue, Wash. 98006 
(206) 643-9898 


Supra 

Cincom Systems Inc. 
2300 Montana Ave. 
Cincinnati, Ohio 45211 
(513) 662-2300 


UNIFY 

Unify Corp. 

3870 Rosin Ct. 

Sacramento, Calif. 95834 

(916) 920-9092 A 


If you 


wanted to¢ 
take a crack 
at assembly 


language, 


You probably already 
know that assembly 
language subroutines 
are the smartest way to 
get the fastest programs. 

But if the complexities 
of working in assembler 
made you think twice, 
here’s some good news. 
We've made Microsoft® 
Macro Assembler Version 
5.0 a lot easier to use. 

We eased the learning 
process by giving you the best 
support around. We com- 
pletely revised our docu- 
mentation. The new Mixed 
Language Programming 
Guide gives you step by step 
instructions for lmking your 
assembly code with Microsoft 
QuickBASIC, C, FORTRAN, 
Pascal and other languages. And 
you get a comprehensive refer- 
ence manual with listings of the 
instruction set and examples of each instruc- 
tion. We didn’t stop there, though. You also 
get an on-disk collection of templates 
and examples. 

We've also dramatically simplified the 
high-level language interface. In just a few 


the time. 


simple steps, you can be 
calling Macro Assembler 
subroutines from pro- 

grams written in your 
favorite language. 

Now that you’re writ- 
ing the fastest programs, 
Microsoft is giving you 
the fastest way to de- 

bug them. For the first 
time, we've added our 
CodeView* debugger 

to Macro Assembler. 

With source code 
and comments on your 
screen, Microsoft Code- 
~ View makes debugging pro- 
grams containing assembly 
language subroutines a snap. 

And you'll be glad to know that you 
don’t sacrifice any speed for all the ease of use. 

We took the fastest Macro Assembler on 
the market and made it even faster. 

So what are you waiting for? Get your 
hands on Microsoft Macro Assembler and 
see what it’s like to break your personal 
speed limit. 


Microsoft: 


For more information or for the name of your nearest 
Microsoft dealer, call (800) 426-9400. In Washington State and 
Alaska, (206) 882-8088. In Canada, call (416) 673-7638. 


Microsoft, the Microsoft logo and CodeView are registered trademarks of Microsoft Corporation. 
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: 4 4 he program- 
mer’s envi- 
ronment has 
changed 


radically and rapidly over the past 30 
years. What will a typical programmer’s 
environment be like in the 1990s?” 

With improvements in hardware and 
the arrival of OS/2 on the horizon, 
COMPUTER LANGUAGE thought it 
timely to go to well-known software de- 
velopers and industry leaders and get 
their insights on the future. We asked 
the preceding question of everyone who 
has been interviewed in our ComputerVi- 
sions column over the past 3'2 years. 

A clear consensus is apparent. Most 
feel that programmers can expect an in- 
tegrated development environment with 
common tool sets, and several mentioned 
multilingual programming. Quite a few 
noted that the outcome of the integrated 
environment of the future will be the 
ability for increased teamwork among 
programmers. 

Many of the visionaries whose perspec- 
tives are featured here believe that inte- 
grated and networked development 
environments, distributed tools, and pow- 
erful applications frameworks will allevi- 
ate some the drudgery of programming. 
When you read their opinions, you will 
see that their vision-of the future is a 
very positive one. Many foresee that the 
programming environments of the 1990s 
will give programmers: more time for 
what they enjoy the most: creativity. 
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' Progra 


1990s 


in 


think the average PC hardware tar- 
get of the 1990s will be very sophisti- 
cated by today’s standards. High- 
resolution color displays will be 
compact, affordable, and include fast 
hardware graphics engines. Average 
memory configurations will be at least 
8MB. 32- to 64-bit processors will provide 
throughput many times that of today’s 
workstations. Optical storage devices will 
put huge amounts of archival data at the 
user’s fingertips. Operating systems will 
feature virtual memory, preemptive multi- 
tasking, networking, and windowing. 

The evolution of hardware will allow a 
parallel evolution of applications. Applica- 
tions will be much larger, expected to 
work in multitasking windowing environ- 
ments, and more sophisticated in their in- 
teractions with the user. Even average 
applications will be expected to cope with 


mmin 
the J 


Charles 
Duff 


President, 
The Whitewater Group 


Low-level languages 
such as C will become 
increasingly 
anachronistic as 
hardware gets more 
powerful 


typing errors, tutor their users, have ex- 
tensible natural language interfaces, and 
work in conjunction with other applica- 
tions from different vendors. Increasing 
end-user sophistication will motivate some 
vendors to provide applications that are 
extensible in their basic functionality. 
Given these conditions, today’s develop- 
ment environments will be inappropriate. 
Modularity, software reusability, ease of 
maintenance, extensibility, and managing 
complexity will be key issues as software 
development far outstrips hardware in 
time and cost. Low-level languages such 
as C that are currently used for run-time 
efficiency will become increasingly anach- 
ronistic as hardware gets more powerful. 
Successors to today’s object-oriented lan- 


guages will become the favored develop- 
ment platforms because they address the 
concerns of large, complex systems. 

The object-oriented model will assimi- 
late many of the specialty areas that are 
now discrete, including data bases, finan- 
cial modeling, logic programming and 
other areas of AI, graphics, text format- 
ting, and computer-aided design. These 
areas will be seen as components in large 
class libraries that are widely available to 
programmers on CD ROM. Powerful ap- 
plication frameworks will provide extensi- 
ble foundations for programmers to build 
well-behaved applications in windowing 
environments. Because less reinventing 
will be required, smaller teams will be 
able to produce more applications in a 
more consistent manner. 

Compiler-based programming will 
gradually be discarded for much more 
productive interactive environments. Con- 
text-sensitive indexing will quickly guide 
programmers to any area of support in 
the class library, along with guidelines for 
use and extension. Programming will con- 
sist mostly of recombining existing com- 
ponents and will be aided by highly visual 
tools. Sophisticated version management 
tools will allow a development path to be 
reconstructed or reversed. User interfaces 
and other application components will be 
built via pointer-based visual editors that 


generate code. 

I think that the latter half of the 1990s 
will allow something akin to Alan Kay’s 
Dynabook to become a reality. This will 
only be possible, however, if we are willing 


to critically examine today’s software 
tools and support their evolution to the 
next stage. If we aren’t, programming in 
the 1990s could be something like mow- 
ing the lawn with nail clippers. 


rogrammers have always relied 
on tools. In most instances, the 
trend has been that programmers 
develop their own tool sets and 
take them to the grave. In the future, be- 
cause of heavy graphical needs, common 


John 
Dvorak 


Computer columnist 
waa | 


ice: bn Lita as a 
profession will be 
opened up for less- 
talented individuals 


tool sets will be used by all programmers 
by necessity. The final result of all this is 
that programming as a profession will be 
opened up for less-talented individuals, 
and perhaps these people will then be able 
to invent new methods of programming. 


he future of programming envi- 
ronments is at the mercy of two 
competing philosophies: to design 


open systems that aid and encour- 
age programming in-the-large, or to con- 
tinue to design closed systems that aid 
and encourage writing small, fast 
programs. 

What new programming environment 
features could we see in the next 10 
years? Here are some things I wish I 
could do today that seem easily within a 
10-year reach. 


Richard 
Gabriel 


President, Lucid 
(an he aw] 


| would like to take 
my programming 
environment with me 
and be able to install 
it on any computer 


I would like to include an existing pro- 
gram as a subroutine in a program I am 
writing without having to deal with its 
source code. For example, J might want to 
write a program to manipulate matrices. 
If each valid input matrix has elements 
that obey a set of constraints, I might 
want to use a simple spreadsheet program 
to ease input. Even though several excel- 
lent spreadsheets are on the market, I am 
not in a position to use any of them di- 
rectly in my program. 

I would like to write parts of my pro- 
gram in the programming languages best 
suited to such parts (multilingual pro- 
gramming). An operating system provides 


many services for the user: address 
spaces, scheduling, input/output, graphics 
support, and a user interface. I would like 
to use parts of the operating system as 
parts of my program. For example, I 
would like to write a program that creates 
several address spaces, associates a pro- 
cess with each, and establishes a schedul- 
er for them. 

I would like to take my programming 
environment with me, along with my own 
keyboard and other I/O devices, and I 
would like to be able to install them on 
any computer I come across. There is no 
reason people should be required to adapt 
to the physical characteristics of the de- 
vices they use to communicate with com- 
puters when it is possible to make the 
computer do the adaptation. 

An ideal programming environment 
would enable me to do these things and 
more. The task of programming would be 
divided between the tasks of algorithm 
creation and program development using 
traditional (or better) programming lan- 
guages on one hand and the integration of 
programs using a program language on 
the other. There would be no boundaries 
between the code I write and the code I 
integrate. 
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A sophisticated programming environ- 
ment is a sophisticated program itself, 
and to accomplish some of the capabilities 
I’ve mentioned requires that aspects of . 
programs currently hidden from view 
once the compiler is through with them 
become visible and subject to manipula- 
tion. The needed technology basically ex- 
ists today, but the computational cost is 
high. 

On the other hand, today even inexpen- 
sive computers are powerful and large 
enough to bear the computational cost. 
The problem is that the current philos- 
ophy of computing—programming meth- 
odology, programming languages, and 
operating system design—has been aimed 
toward supporting small, fast programs 
and away from supporting my vision of 
an ideal programming environment. 

“We have met the enemy, and he is 


” 


us. 
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ost programming environ- 
ments today are designed to 
support the efforts of a sin- 
gle individual. By the mid- 
to-late 1990s, the most successful 
environments will be those that enhance 
the ability of several programmers to 
work together as a team. 

In a large installation, the typical pro- 
grammer’s workstation will be a 386- or 
486-based personal computer networked 
to others in the development team. The 
workstation will also be connected to the 
office’s phone system, so calling other 
programmers for quick conferences could 
be as easy as clicking on their personal 
icons. The environment will permit con- 
trolled access to another’s work across the 
net, so two programmers could browse 
through some source code together while 
talking on the phone. Electronic mail fa- 
cilities—for both voice and text—will be 
included in the environment as well. 

The editors in the environment will be 
tightly integrated with the compilers and 
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debuggers; indeed, the entire process of 
compilation will probably become com- 
pletely transparent to the programmer. 
The editors will also allow collapsible re- 
marks—which only appear at the pro- 
grammer’s request—to encourage 
thorough internal documentation without 
cluttering the source code. These remarks 
would be automatically stamped with the 
date, time, and author’s name and could 
accumulate in a thread similar to current- 
day bulletin board and conferencing 
systems. 

We can take for granted that the next 
decade will see better editors, compilers, 
and debuggers. But incremental improve- 
ments in these tools can only result in in- 
cremental improvements in productivity. 
The successful environments of the 1990s 
will be those that account for the needs 
and wants of programmers—not as code 
generators, but as people working togeth- 
er on a complex project. 
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rogramming in the 1990s will be 

dominated by next-generation 

personal computers on the desks 

of software developers, who will 
work in a heavily networked environment 
with a number of distributed applications 
and distributed software development 
tools at their disposal. 

The next-generation microprocessors, 
augmented by large RAM capability, ex- 
tremely fast disks, and large storage (in- 
cluding CD ROM), will service a highly 
graphical programming environment. 
Graphics monitors with full-page color 
display and resolution of 1280 x 800 or 


better will be commonplace, and a com- 
mon graphical interface will exist not only 
across Intel-based systems but others as 
well, all networked. This heterogenous en- 
vironment will feature a number of dis- 
tributed applications developed 
specifically for programmers to simplify 
the software development process and al- 
low easy integration of the work of indi- 
vidual members of a project team. 
Developers will be able to work on multi- 
ple environments and target applications 
for multiple environments at the same 
time. 

An integrated development environ- 
ment will give programmers new software 
tools to aid program design, manage 
source code changes, create, modify, and 
execute separate modules, and manage 
these modules. This next environment will 
also work to oversee the development pro- 
cess itself. This integrated development 
environment will exist as a sophisticated 
program data base: a set of information 
shared by all tools in the development en- 
vironment and organized so that the key 
information can be analyzed and what is 
learned can be made available to all tools 
in the system. The interface to the data 
base will allow tools to be added or 
changed according to the user’s needs. 

A program data base will make compil- 


ers more efficient by storing more infor- 
mation about the programs being written. 
With a program data base available, © 
smart compilers can be designed that will 
optimize a program, analyze its initial re- 
sults, then reoptimize based on what it 
learned the first time. It will do this by 
refining the optimization algorithms to 
match the usage specific to certain kinds 
of applications or even a programmer’s 
programming style. 

Such a program data base will allow 
automatic management of the connections 
between modules for better program reli- 
ability. It will also allow the control and 
tracking of changes in source code to im- 
prove testing and reliability. While many 
of the individual tools exist today, the fu- 
ture will have them all sharing the same 
information and working synergistically. 

An integrated development environ- 
ment will also bring instant prototyping 
tools integrated into elaborate code gener- 
ators. Developers will have new ways to 
dynamically manage all of the now-sepa- 
rate steps of editing, compiling, linking, 
running, and testing code. Some of the 
steps, such as compiling and linking, may 
disappear as separate steps in the develop- 
ment process. 

Developers will be able to easily write 
and debug programs written in multiple 


languages, with the supporting tools (edi- 
tors, make, debuggers, etc.) aware of 
changes in the language and able to auto- 
matically switch from one to another and 
to alter the context as required. An inte- 
grated development environment can also 
tié such tools as forms generators into 
these languages, effectively making them 
all fourth generation languages. 

Management of source code changes 
and modules will be highly automated 
and sophisticated. Make files, for exam- 
ple, will exist in some form on the system 
but programmers will not have to create 
or edit them. The underlying program 
data base will accurately track changes in 
individual modules and module organiza- 
tion and incorporate other project man- 
agement capabilities to improve reliability 
of the overall development process and 
the resulting software. 

All of this will be accomplished by al- 
lowing the mixing and matching of the 
proper tools from the system platform lev- 
el. Individual creativity will not be re- 
strained by a monolithic development 
process; creativity will be enhanced as de- 
velopers are freed of the routine mainte- 
nance that consumes so much of today’s 
programming efforts. They will have bet- 
ter tools to construct radically new 
applications. 


he 1990s will see greatly increased 

automation of the software pro- 

cess, manifesting itself in the 

widespread use of Very High-Lev- 
el Languages (VHLLs) and Knowledge- 
Based Software Environments (KBSEs). 
The challenges of effective implementa- 
tions will be overcome by newer transfor- 
mation and knowledge-based compilation 
technology, as exemplified by the RE- 
FINE system and language. 

The economics, primarily very large in- 
creases in productivity and reliability, will 
provide a competitive advantage for users 
of this new technology. As a result, the 
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current inertia will be overcome, and 
third and fourth generation languages, 
along with their file-and-editor-based en- 
vironments, will be displaced. 

What does this mean to the program- 
mer? Currently, one of the main tasks of 
a programmer is selecting, implementing, 
and optimizing data structures and algo- 
rithms. Much of this activity will be auto- 
mated by VHLL compilers. 

Another time-consuming chore for pro- 
grammers is coordinating information, of- 
ten at a very tedious level of detail, 
between such diverse aspects of the soft- 
ware life cycle as system requirements, 
testing, documentation, maintenance, cod- 
ing, and implementation. KBSEs will 


automate many parts of these arduous 
but mundane tasks. The programmer will 
be able to spend more time either devising 
innovative and reliable system specifica- 
tions or extending current programming 
knowledge to generate better data struc- 
tures and algorithms. The programmer of 
the 1900s will be a systems analyst with 
the knowledge engineering expertise to 
represent new application domains and 
new programming knowledge using a 
VHLL in a manner that makes that 
knowledge reusable in a KBSE. 

VHLLs enable programmers to pro- 
gram at a high level of abstraction suit- 
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able for describing software systems in 
terms of domain concepts without concern 
for implementation details. An intelligent 
compiler associated with a VHLL applies 
transformations to the system description 
creating an efficient implementation. The 
flexibility and terseness of high-level ab- 
stractions is provided while retaining the 
efficiency of handcrafted code. A factor 
of 10 savings over third generation lan- 
guages should be realized in the amount 
of detail the programmer needs to specify 
to obtain a running implementation. Pro- 
ductivity should increase by a similar fac- 
tor. Automatic data structure selection 
and implementation will be provided in 
most cases, as well as a whole class of 
automatic optimizations such as finite 
differencing. 

Correctness by construction will be ob- 
tainable for most programs by verifying 
only once the transformational rules used 
to create the implementation. The nar- 
rowness of fourth generation languages 
should be avoided since VHLLs can be 
general-purpose languages. 

A KBSE can provide knowledge-based 
support across the entire software life cy- 
cle, including requirements analysis, 
specification, implementation, documenta- 
tion, testing, production use, and mainte- 
nance. VHLLs, unlike high-level 
languages, facilitate this process by pro- 
viding a common representation at a very 
high level of abstraction for both the soft- 
ware systems being created and the entire 
software process by which they are cre- 
ated and used. A KBSE will maintain 
and integrate a knowledge base of VHLL 
system descriptions, specific application 
knowledge, general programming knowl- 
edge, and knowledge relevant to the entire 
software life cycle. Among the many 
benefits this uniform environment should. 
provide are semiautomatic documenta- 
tion, reuse of program specifications, and 
consistency checking between specific sys- 
tem specifications and the world knowl- 
edge expressed in domain models. 


ven today we see a lag time be- 

tween hardware advances and the 

ability of software to exploit them. 

I don’t see this situation changing 
soon. Moreover, there is an incredible in- 
stalled base of machines that won’t just 
disappear. Thus I offer the suggestion 
that changes in the programmer’s envi- 
ronment will be evolutionary rather than 
revolutionary. 

This shift will be nothing approaching 
the major shift from shared mainframes 
to individual workstations we’ve seen in 
the 1980s. However, this shift—more like 
a “big bang”—has already begun to 
change the way we in the software indus- 
try do business. It offers significant oppor- 
tunities whose ramifications we are just 
beginning to exploit. I see the 1990s as a 
further realization of these potentials. 

A typical programmer will soon have a 
multi-MPS, multiprocessor workstation 
with high-resolution graphic display and 
multimegabytes of primary and secondary 
storage. Operating in distributed develop- 
ment environments, teams of program- 
mers will be networked together, with 
high-bandwidth communications making 
such arrangements more efficient and re- 
liable than today. 

Successful programmers will be those 
who are able to best exploit this process- 
ing power. They-will need tools (in par- 
ticular a programming language) that are 
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portable to many different machines and 
that enable them to construct large, reli- 
able, and efficient programs in a timely 
fashion. 

I can conceive of only one language 
that will applicable in such an environ- 
ment: Ada. Ada has all the right facili- 
ties. The package concept embodies the 
software engineering principles needed for 
organizing and building large systems. 
The tasking features allow you to express 
an application’s inherent parallelism di- 
rectly in your program. The program li- 
brary concept maps well to distributed 
host environments, allowing networked 
team members to share common libraries. 
Regarding the software development pro- 
cess itself, programs will be constructed 
much more by composition out of existing 
components than by developing them 
from scratch. On-line data bases of Ada 
packages will be accessible for this 
purpose. 

I don’t think these are “‘pie in the sky” 
predictions. We are already seeing exam- 
ples of this kind of software production 
technology in a number of advanced envi- 
ronments. Small teams of programmers 
are composing commercially available sys- 
tems (in Ada) comprising several hun- 
dreds of thousands of lines of code. The » 
1990s will show a continuation of this 
trend. 


n the 1990s, memory and speed will 

have no practical limits. A program- 

ming environment will have all the 

needed tools at the touch of a key, 
with multitasking and processing to do 
compilations, editing, testing, and simula- 
tions simultaneously. 

Automated test tools will pump suites 
of data through code and monitor and 
record the results. Applications will be so 
complex that programs can’t be debugged 
by just turning software over to a group 
and saying “find a problem.” If I have an 
integrated, multiuser product, how are 
people going to test that? To test a prod- 
uct, programmers will simulate an event, 
record the data, massage it, and then in- 
corporate the results into a test suite. 


With simulations, you’ll deal with random 
events you know will occur. 

Since there’s no limit on memory, I can 
compile while I’m typing. All my compil- 
ers, development tools, debuggers, profile 
analyzers, simulators, and pretty printers 
will be active in memory at the same 
time. A software librarian will keep a 
transcript of all changes made. You'll 
have three or four debuggers in memory 
at the same time. 

Editors will be totally programmable, 
with user interfaces completely soft. All 
these things will be under some umbrella 
shell. Development will be done in work 
groups. Source code access will be con- 
trolled, with project teams fully linked. 

Development will be multilanguage— 
I'll program in C and Pascal at the same 
time. In a sense, languages already are 
converging. Look at Turbo Pascal and 
Turbo C—both are optimized for string- 
ing together pieces of reusable code from 
libraries. All languages will have to be 
very good at modules, so much so that 
they start to look alike. No one can fill a 
megabyte writing code a line at a time. 


ill BASIC still be around 
in the 1990s? We think 
so. For the first part of 
this decade, it was fash- 
ionable to put down the “ancient” lan- 
guages like BASIC, COBOL, and 
FORTRAN. From what we saw of early 
microcomputer languages, we had to 
agree. But even in its darkest days, BA- 
SIC was used by more people than prob- 
ably all other languages combined. 
Over the past three years, both we and 
our competitors have made significant im- 


urrently personal computers are 

used in almost every aspect of 

business including number and 

word processing, desk-top pub- 
lishing, and network and modem com- 
munications. All these applications will 
expand, keeping programmers profitably 
and pleasurably occupied in the next 
decade. 

But the big news in the 1990s will be 
personal electronic entertainment. Inex- 
pensive graphics-sound hardware (of 
which the Amiga is a prototype) will al- 
low everyone—kids, adults, and seniors— 
to produce, direct, and edit mind movies 
and video programs on the living room 
TV screen. 
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provements to the BASICs available on 
microcomputers. The language has be- 
come very structured, very powerful—and 
very large. Just as the gap between micro- 
computers and larger machines has nar- 
rowed in the 1980s, so have 
microcomputer BASICs and FOR- 
TRANSs almost caught up with their 
mini and mainframe cousins. Between 
now and the 1990s, we imagine that the 
programming environment for BASIC us- 
ers will undergo a similar catching-up 
with those available on larger machines. 
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These laptop video programs convert 
the inexpensive home computer to a digit- 
al camera and editing device. The digi- 
tized thoughts, icons, images, simulations,  - 
audio-cuts, and video-tape segments are 
selected and woven together by the user. 

Now! 

Who gives the 10-year-old kid the pow- 
er to compete with NBC, MGM, and 
MTV? The new generation of program- 
mers who are not just code cowboys but 
multimedia, digital architect-composers 
who give control of the TV screen to the 
individual. 

I cannot think of a more noble and his- 
toric role. 


BASIC is best known as a friendly lan- 
guage for beginners. But we also con- 
ceived it as a sophisticated language for 
serious programmers, and it grew in that 
direction on large machines. These large 
machines also provided a broad range of 
tools—the programmer’s workbench—to 
support large programs. And a lot of very H 
large programs exist in dialects like HP 
BASIC, RSTS BASIC, and our own 
Dartmouth Structured BASIC. 

We'd like to mention just four of these 
workbench features that have now made 
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it into microcomputer BASICs, as an in- 
dication that BASIC will continue to be a 


productive tool for programmers in the 
1990s: 


@ Separately compiled external libraries 


@ User-defined filters and preprocessors 
@ Script files 
@ Workspaces. 

These features need little explanation 
to the user familiar with C and UNIX. 


People who need to get results from their 
programming are much more impressed 


with an environment they can mold to 


their own liking than with one that boasts 
eight colors and pull-down menus. A BA- 


SIC that is structured and extendable, 
combined with an environment that the 
user can customize, will continue to ap- 
peal as a general-purpose alternative to 
more specialized applications software. 


One last feature that we think will be- 


come more important to BASIC in the 


1990s: portability. When we started say- 
ing this five years ago, not everyone was 


convinced. Some micro users knew with 


certainty that mainframes were obsolete; 


Macintosh programmers were equally 
convinced that there was nothing worth 


knowing in MS-DOS or UNIX. Sudden- 
ly, the trend to a mixed-hardware environ- 


ment is accelerating. We see this trend 
continuing into the 1990s. As that hap- 


pens, BASIC users in the next decade will 
learn the same lessons of portability that 
users of C, p-System Pascal, UNIX, and 


other portable environments learned in 
this decade. 


40 COMPUTER LANGUAGE m DECEMBER 1987 


Siem 


programmer shares with 
other users the need for a com- 
fortable computer interface. 
Most of my work is done out- 
side the mainstream, seeking performance 
rather than compatibility. Whenever I 
watch someone operating a conventional 
computer, I am struck by two characteris- 
tics: the computer appears to be extreme- 
ly slow and the procedures are 
remarkably complex and difficult. Actual- 
ly, my reaction is more extreme: shock at 
being reminded how bad most software is 
and dismay that users tolerate it. 

The reason, of course, is that users lack 
a standard of comparison. If the computer 
works at all, they are impressed and 
pleased. That it might work much better 
and more easily awaits future insight. 
Meanwhile, ever faster processors and 
larger memories are promised. It is possi- 
ble to provide instant response (one frame 
time) and to use a marvelously simple in- 
terface (three keys). But conventional 
tools must be rethought. Elaborate hard- 
ware—the diehard QWERTY key- 
board—that requires training and skill 
must be discarded. Elaborate software— 
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operating systems and languages—must 
be recognized as the problem rather than 
the solution. 

The programmer needs a model of how. 
the system works to understand it and use 
it effectively. Yet he or she can only ac- 
quire that model if the system is suffi- 
ciently simple. More than ever, today’s 
programmer is interfacing with the oper- 
ating system instead of applying insight 
and imagination to the problem. The 
1990s programmer will be more special- 
ized and will interface with more elabo- 
rate systems with more expensive tools. 
Productivity will continue down. 

But I have a dream. With the right in- 
struction set, the right devices, and the 
right software (for “the right” read “sim- 
ple”), the programmer can be closely 
coupled to both machine and application. 
Even better, computer literacy can mean 
something, and users can devise their own 
programs. 

The promise of computers is to give 
knowledge and control to individuals, par- 
ticularly over their interaction with soci- 
ety. That promise must not be buried in 
the system. 
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rojecting into the future is a dan- 

gerous business. Seldom do we 

see the trends that really make a 

difference. Even more seldom 
can we extrapolate more than a few years, 
with any degree of precision, in a field as 
fast moving as computer software. 

The safest thing I know to do is look 
back over the quarter century I have been 
programming and try to remember how 
the future looked at various times. That 
at least gives some scale for the kind of 
change one can expect over, say, a 10-year 
period. And it gives a good indication of 
how unexpected trends can lead the best 
projections astray. 


With that in mind, let’s try bracketing 
the present with a few decade leaps: 

Back in 1968, my principal preoccupa- 
tions were how to get good turnaround 
times when I submitted batch jobs and 
how to get symbolic assistance when I 
had to paw through a postmortem dump 
of memory. I knew better than to ask for 
interactive computing—that was a rare 
luxury. And I knew better than to ask for 
interactive debugging—that was rarer 
still. My 10-year projection then would 
have been close on the money with main- 
frame advances. But I would have grossly 
underestimated the effect of the minicom- 
puter revolution. 

Back in 1978, my principal preoccupa- 
tions were how to stuff C programs into 
64K of memory and how to debug in C 


robably the most obvious change 

for the future is a continuation 

of what we’ve seen in the past. 

My programming on micros 
dates back to 1977; a time when there 
were no assemblers, interpreters, or com- 
' pilers and 4K was a lot of memory. 

In my opinion, it is the availability and 
quality of programming tools and hard- 
ware resources that have changed signifi- 
cantly in the last 10 years. In a real sense, 
the qualitative improvements in software 
would not have been possible without the 
hardware improvements. I doubt, for ex- 
ample, that a CP/M-type environment 
would ever have produced the variety of 
programming tools available under MS- 
DOS if for no other reason than the 
memory limitations of CP/M. 


instead of assembly language. I knew bet- 
ter than to ask for personal computers 
with megabytes of memory and dekame- 
gabytes of disk storage. And I knew bet- 
ter than to ask for integrated compilers, 
linkers, simulators, and emulators to ease 
my debugging chores. My 10-year projec- 
tion then would have been close on the 
money with minicomputer advances. But 
I would have grossly underestimated the 
effect of the microcomputer revolution. 
Today, my principal preoccupations are 
how to optimize C code to a fare-thee- 
well and how to make graphics as easy to 
use as UNIX made text streams. I know 
better than to ask for processors so cheap, 
fast, simple, and numerous that optimiz- 
ation is a secondary issue. And I know - 
better than to expect major advances in 
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The future changes in programming 
tools will probably be qualitative. That is, 
improved hardware (faster machines with 
more usable memory) will permit the 
stand-alone tools of today (such as edi- 
tors, compilers, debuggers, etc.) to be in- 
tegrated into a single tool. As machines 
become faster, generating the overhead 
files needed by the debugger, for example, 
will become virtually transparent, so they 
might always be generated. On an error, 
you could invoke the debugger without 
ever leaving the editor. 

We are already seeing the beginning of 
this transformation. These improved tools 
in conjunction with improvements in the 
hardware and better, more flexible operat- 
ing systems upon which they reside will 
significantly reduce turnaround time for 
the software cycle (the time between ed- 
its, compilation, and debugging). This 
should lower development time. 


the linguistics of graphic input and out- 
put, to the point that device independence 
once again reigns. 

My 10-year projection envisions a pro- 
gramming environment combining the 
best features of UNIX tools, Macintosh 
graphics, and laser printer resolution. It 
integrates CASE tools with very high-lev- 
el languages using a debugging environ- 
ment that borders on the unobtrusive. 

I’m sure that all that will be common- 
place in 1998, just as I’m sure that pro- 
grammers will still be pushing the limits 
of complexity, only at a higher level of so- 
phistication. What I’m not sure of is what 
trend has already begun that people will 
recognize in 1998 as the most important 
advance of the decade and that I am now 
grossly underestimating. 


There is, however, one disturbing trend 
that all these improvements tend to foster: 
faster turnaround for the software cycle 
may promote band-aid software. The old 
timers will remember the days when you 
turned in your batch of cards to a window 
only to see the results emerge from the 
bowels of the earth 24 hours later. Due to 
the lengthy turnaround time, you spent a 
lot of time designing and debugging your 
code before you ever submitted it. 

In today’s environment, one is tempted 
to rely heavily on one’s tools to do the 
work that programmers used to do. It 
seems that the faster machines somewhat 
reduce the payback from careful fore- 
thought and-design of a programming 
task. I would expect this trend to get 
worse as hardware and software resources 
continue to improve. 
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nything in software that’s go- 
ing to make an impact 10 
years from now must be pre- 
sent now or soon in research 
labs but is too slow to be fully useful. The 
last major user interface was actually de- 
veloped by Xerox in the 1970s but was 
too big and too slow to be useful on a 
cheap computer. Since then there haven’t 
been any really revolutionary develop- 
ments. Computers run far too slow and 
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programers are primarily interested in 
speeding programming up. 

Some people envision this speeding-up 
process occuring with the use of AI pro- 
gramming apprentices that would facili- 
tate programming. These apprentices 
basically would perform all the tedium 
and allow us to attempt to understand 
elements of a program deeper than at 
syntax level. I don’t know whethér this is 
possible. 


With regard to the free dissemination 
of software, efforts to make copyrights, 


.patents, and licensing restrictions obsolete 


could be boosted by individuals whose 
priorities are ethical rather than mone- 
tary. Computer ethics education will be 
very important in our society. We are ina 
crisis right now, the problem being that 
we are creating an artificial scarcity with 
the selling of information, and there is no 
limit to how much scarcity we can create. 
In order to create a world in which pro- 
grammers attempt to stop obstructing 
each other so that they might enjoy the 
bounty robots might produce, I envision 
both the AI programming apprentices at 
work in conjunction with programmers 
who have signed a type of “Hustling Dis- 
armament Pact.” This would be a mutual . 
antihustling pact allowing programmers 
to experience increased productivity and 
leisure rather than increased pay. These 
apprentices will increase productivity so 
much that people will not opt to ineffi- 
ciently solicit new business to fill their in- 
credibly high production capacities. 


he programmer’s future environ- 
ment will be shaped by these 
forces: increasing machine bang 
per buck, increasing user expecta- 
tions, programmer productivity concerns, 
AI, parallel processing, increasingly stable 
applications environments, increasing ap- 
plication of multiuser machines, and in- 
creasing importance of UNIX. 
As hardware resources become more 
economical, the overhead of truly hard- 
ware-independent programs (even graph- 
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ics programs) becomes more acceptable. 
Moreover, the existence of a late com- 
modity market (the IBM compatibles) 
will strongly constrain hardware develop- 
ers and tend to reduce the hardware vari- 
ation with which vendors must cope. 

As a result, powerful, integrated devel- 
opment environments will become avail- 
able to programmers. Descendents of the 
computer-aided software engineering re- 
search being conducted now, these sys- 
tems will integrate interpretation, 
compilation, debugging, editing, all levels 
of documentation, and in some cases code 
generation capabilities into a single, 
speedy programming environment. 


Applications programmers will benefit 
most from improved technology. The typi- 
cal data processing application is suffi- 
ciently restricted to submit (even now) to 
an Al-based programmer’s assistant. Be- 
cause they work in restricted environ- 
ments, in terms of both problem 
definition and hardware, applications pro- 
grammers will find themselves using AI- 
assisted applications generators to build 
end-user products on top of extremely so- 
phisticated platforms. These platforms 
will offer comprehensive services, not just 
data base or user interface services. We 
should also see intelligent support for ap- 
plication debugging and the automated 
generation of graphical, textual, and on- 
line user and technical documentation. 

Tronically, systems programmers may 
find themselves using many of the same 
tools but accesssing them through a “pret- 
tier,” better-integrated user interface. 
These programmers will benefit less from 
the advances in programming technology 
for three reasons: they are too small and 
fragmented a market to support the de- 
velopment of sophisticated code genera- 


tion, they work so close to the hardware 
that useful sophisticated code generators 
would have a very short life, and their 
problems are seldom sufficiently con- 
strained to submit well to AI techniques. 
The major change in this group’s envi- 
ronment will be cleaner integration of the 
tools they now use, greater automatic sup- 


oday’s programming environments 

are based on a view of program- 

ming as an individual practice. 

These environments emphasize 
the work of the isolated programmer and 
support a minimal degree of group inter- 
action through the sharing of files and 
libraries. 

The coming decade will see an increas- 
ing explicit concern with improving and 
supporting the process of designing and 
programming. The programmer’s environ- 
ment will be replaced by a comprehensive 
system development environment that ex- 
tends to a community consisting of the 
programmers, systems analysts, and sys- 
tems users. New tools will begin-to turn 
“reusable software,” “rapid prototyping” 
and “user feedback” into more than 
slogans. 

The new directions will not be primar- 
ily in hardware or software but in group- 


port for documentation, and far greater 
horsepower. Cross-development will be- 
come even more common. 

We will see even greater stratification 
and more specialization among this class 
of programmers as they branch out to 
cover all the technical demands of build- 
ing durable systems in distributed and 
highly parallel environments. 
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ware. By the 1990s, high-quality 
graphical interaction and fully general 
network interconnection will be common- 
place. The innovations will be in our un- 
derstanding of how computer processing 
can support group activities. 

Properly designed system development 
environments will help get us beyond 
limiting dichotomies like programmer vs. 
user, design vs. coding, and construction 
vs. maintenance. They will do this not 
only by providing better tools for-specifi- 
cation and implementation but by serving 
as a structured communication medium 
that generates and maintains the network 
of interlocked conversations out of which 
the program develops and evolves. 

The computer will serve to structure 
and facilitate the group process in which 
designs are proposed, tried out, and re- 
vised. The result will be an improvement 
in both the productivity of programming 
and the responsiveness of the program to 
the ever-changing needs of the user 
environment. 


Read what they’re saying about this 
popular program for prototyping and 
demo-making: 


“A winner right out of the start- 
ing gate. After you use DEMO 
once, you’ll wonder how you got 
along without it.”’ 

—PC Magazine 


‘Everybody who writes soft- 
ware, either commercially or for 
in-house applications, should 
immediately order a copy. Period. 
No exceptions.” 

—Soft: letter 


Product of the Month 
—PC Tech Journal 


Thousands.of developers and most 

of the largest and best known software 
companies are using this program. 
You can, too. Act now! 


The perfect companion to the Demo 
Program. The Tutorial helps you learn 
the ins and outs of its basic and ad- 
vanced features. Complete with a 96 
page manual containing step-by-step 
instructions, diskette, and function \ 
e 


key template. \N 
ANC 088 


G ni Oe eS 


Use 800-number for orders only. 

Questions, special shipping, etc., call 617-332-2240. 
No Purchase Orders. Massachusetts residents add 5% 
sales tax. Outside of the U.S.A., add $15.00. 

Requires 256K IBM PC/Compatible, DOS 2.0 or later. 
Supports Monochrome, Color Graphics, and EGA 
Adapters (text mode only). The Tutorial requires the 
Demo Program. 


SOFTWARE 
GARDEN, INC. 


Dept. L 
P.O. Box 373, Newton Highlands, MA 02161 


CIRCLE 64 ON READER SERVICE CARD 


As ae = e ou Seer Selection, 


Personal Service and Unbeatable Prices! 


Welcome to Paradise. The microcomputer software source that caters to your programming needs. 
Discover the Many Advantages of Paradise... 


© Lowest price guaranteed 
© Latest versions 


G ‘ 
diset awe 2 
LIST 

386 SOFTWARE 
ADVANTAGE 386 C 895 
ADVANTAGE 386 PASCAL 895 
MICROPORT DOS/MERGE 345 
MICROPORT SYSTEM 

V/386(COMPLETE) — SPECIAL 799 
MIGROSORT WINDOWS/386 
PC-MOS 386 ALL 
PHARLAP 386/ASM/LINK 495 
PHARLAP 386 DEBUG 195 
SCO XENIX SYS V 386 (COMPLETE) 1495, 
VM/386 SPECIAL 195 
APL 
APL* PLUS/PC 595 
POCKET APL 95 
SCREEN ACE SPECIAL 195 
ARTIFICIAL INTELLIGENCE 
ACTIVE PROLOG TUTOR 65 
ARITY STANDARD PROLOG 95 
GOLDEN COMMON LISP 495 
GCL 286 DEVELOPER 1190 
LPA PROLOG PRO COMPILER 895 
LPA PROLOG PROINTERPRETER 395 
MICROSOFT LISP . 250 
PC SCHEME 95 
SMALLTALK V 99 
STAR SAPPHIRE LISP 495 
TURBO PROLOG 100 

TURBO PROLOG TOOLBOX 100 
VP EXPERT 100 
ASSEMBLERS/LINKERS 
ADVANTAGEDISASM. SPECIAL 295 
ADVANTAGE LINK 395 
ASMLIB 149 
DR ASSEMBLER + TOOLS 200 
EZ_ASM 70 
MS MASM REBATE 150 
PASM86 195 
PLINK86PLUS 495 
RELMS CROSS ASSEMBLERS CALL 
UNIWARE CROSS ASSEMBLERS = CALL 
VISIBLE COMPUTER 80286 100 
BASIC 
DB/LIB 99 
FINALLY! 99 
FLASH-UP 39 
INSIDE TRACK 65 
MACH 2 75 
MS QUICKBASIC REBATE 99 
QBASE 89 
QUICK-TOOLS 130 
QUICKPAK 69 
SCREEN SCULPTOR 125 
STAY-RES 69 
TRUE BASIC 100 
TURBO BASIC 100 

DATABASE TOOLBOX 100 

EDITOR TOOLBOX 100 

TELECOM TOOLBOX 100 
C++ 
ADVANTAGE C+ + 495 
PFORCE + + 395 
C COMPILERS 
AZTEC C-COMMERCIAL 499 
AZTEC C-DEVELOPERS 299 
C86PLUS te 497 
HIGH C 595 
LATTICE C SPECIAL PRICE 500 

W/SOURCE 900 
MICROSOFT C 450 
QUICK C REBATE 99 
TURBO C 100 
C INTERPRETERS 
C-TERP 298 
INSTANT C 495 
INSTANT C/16M NEW 895 
RUN/C 120 
RUN/C PROFESSIONAL 250 


Nationally Advertised Price 


OURS 


© Huge inventory, immediate shipment 


e dl ua sales staff 


We'll Match Any 


LIST OURS 
C LIBRARIES 
BASIC__C 175 129 
BECKEMEYER TOOLS NEW 100 89 
BLACKSTAR FUNCTIONS 99 79 
C ASYNCH MANAGER 175 «135 
C-FOOD SMORGASBORD 150 95 
W/SOURCE CODE 300 179 
C/PAC (PFORCE, PRE-C) SPECIAL 495 279 
C TOOLS PLUS/5.0 NEW 129 99 
Cc Bae ed LIBRARY 185 119 
C-XPE 295 249 
ESSENTIAL COMMUNICATIONS 185 119 
COMMUNICATIONS PLUS 250 189 
GREENLEAF CSAMPLER SPECIAL 95 69 
GREENLEAF COMM LIBRARY 185 125 
GREENLEAF FUNCTIONS 185 125 
MULTI-C 149 135 
PFORCE 295 209 
RESIDENT C W/SOURCE 198 149 
THE HAMMER 195 119 
TIMESLICER SPECIAL 295 249 
W/SOURCE CODE 1000 895 
TURBO C TOOLS 129 99 
COBOL 
COBOLSPII 395 329 
MICRO FOCUS Ore PRODUCTS CALL CALL 
MICROSOFT COBO 700 4439 
MICROSOFT SORT 195 129 
OPT-TECH SORT 149 99 
REALCICS 995 785 
REALIA COBOL 995 785 
W/REALMENU 1145 899 
RM/COBOL 950 759 
RM/COBOL-85 1250 999 
“~~ RM/SCREENS 395 315 
SCREENIO 400 379 
SCREENPLAY 175 _- 129 
MACINTOSH PRODUCTS 
APL*PLUS/MAC 
MS BASIC COMPILER 
MS BASIC INTERPRETER 
RS MAC C (MAC II) 
MS FORTRAN COMPILER 
LIGHTSPEED C 
LIGHTSPEED PASCAL 
MAC CJR. 
MAC PROLOG 
MACTRAN 77 
MASTERFORTH 
MACNOSY V2 ’ 
MC MAX NEW 
TURBO PASCAL 
NUMERICAL METHODS TOOLBOX 
DATABASE TOOLBOX 1 
Z BASIC 
DBASE TOOLS 
CLIPPER 695 399 
DBASE III PLUS 695 429 
DBASE TOOLS FOR C 80 65 
DBASE GRAPHICS FOR C 80 65 
DBRIEF 95 85 
DBC IIL 250 169 
DBUG III 195 179 
DBXL 139 99 
DBPOWERPAK III 100 89 
DB/RA 200 179 
DB FIND 99 89 
DFLOW 149 «125 
DOCUMENTOR 295 249 
FOXBASE PLUS 395 339 
GENIFER 395 299 
SUC IoEe Ill PLUS 295 239 
QUICKSILVE 599 499 
TOM RETTIG: S LIBRARY 100 85 
R&R 109 49 
UI PROGRAMMER 295 249 
DEBUGGERS 
ADVANCED TRACE-86 175 «115 


© Special orders 


© 30-day money-back guarantee* 


eee 

C-SPRITE 

HI-SCREEN XL 
PERISCOPE! 
PERISCOPE II 
PERISCOPE II-X 
PERISCOPE III 8 MHZ 
PERISCOPE III 10 MHZ 
SILVERCOMM LIBRARY 
T-DEBUG PLUS 

PFIX 86 PLUS 
SOFTPROBE II/TX 
XVIEW86 


DISK/DOS/KEYBOARD UTILITIES 
BACK-IT 


BOOKMARK 
COMMAND PLUS 

DISK OPTIMIZER 
FASTBACK 

FANSI CONSOLE 
FETCH 

FAST FORWARD 
INTELLIGENT BACKUP 
MACE UTILITIES 
NORTON CO MENDER 
NORTON UTILIT! 


ADVANCED NORTON UTILITIES 


PDISK 
Q-DOS II 
TASKVIEW 


EDITORS 
BRIEF 
W/DBRIE 
CVUE WISOURCE CODE 


FIRSTIME (C) 
KEDIT 
MKSVi 
PC/EDT 
PC/VI 

Pi EDITOR 
PMATE 
SPF/PC 
VEDIT PLUS 
XTC 


FILE MANAGEMENT 

BTRIEVE 

XTRIEVE 

REPORT OPTION 

BTRIEVE/N 

XTRIEVE/N 

REPORT OPTION/N 
-TREE 

R-TREE 

C-TREE/R-TREE BUNDLE 

DBC Ill 


DBC III/II W/SOURCE CODE 
DBC III PLUS 

DBVISTA 

INFORMIX ESQL/C 
INFORMIX 4GL 

INFORMIX SQL 

PHACT MANAGER 


FORTRAN COMPILERS 


DIGITAL RESEARCH FORTRAN 77 


LAHEY FORTRAN 


LAHEY PERSONAL FORTRAN 77 


MICROSOFT FORTRAN 
RM/FORTRAN 
WATFOR FORTRAN 


FORTRAN UTILITIES/LIBRARIES 
AUTOMATED PROGRAMMER NEW 


DIAGRAM’ER 
DOCUMENT’ER 
DIFF-E-Q 

FORTLIB 

FORTRAN ADDENDA 
FORTRAN ADDENDUM 


NEW 


SPECIAL, NEW 


795 
249 


350 
477 

95 
450 
595 
375 


995 
129 
129 
495 
125 
165 

95 
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GRAFLIB 175 169 
GRAFMATICS/PLOTMATICS 135 119 
MATHPAC 495 445 
NO LIMIT 129 «115 
SPINDRIFT LIBRARY NEW 149 135 
SSP/PC 350 269 
TEK MAR GRAPHICS LIB. NEW 195 165 
GRAPHICS 
ADVANTAGE GRAPHICS (C) 250 225 
ESSENTIAL GRAPHICS 250 185 
GRAPHIC 350 279 
GSS GRAPHIC 
DEVELOPMENT TOOLKIT 495 375 
HALO 300 205 
HALO (5 MICROSOFT LANG.) 595 389 
HALO TEN FONT PACK 100 79 
METAWINDOW 195 159 
METAWINDOW PLUS 275 229 
TURBOWINDOW/C 95 79 
TURBO HALO (FOR TURBO C) 100 79 
LINT 
PC-LINT 139 99 
PRE-C 295 155 
MODULA-2 
FARBWARE MODULA-2 90 79 
LOGITECH MODULA-2 
COMPILER PACK 99 79 
DEVELOPMENT SYSTEM 249 CALL 
TOOLKIT 169 139 
WINDOW PACKAGE 49 39 
ROM PACKAGE AND CROSS 
RUNTIME DEBUGGER 299 239 
REPERTOIRE 89 75 
OPERATING SYSTEMS 
MICROPORT: 
286 DOS MERGE 149° 125 
SYSTEM V/AT (COMPLETE) 549 465 
RUNTIME SYSTEM 199 169 
SOFTWARE DEV. SYSTEM 249 209 
TEXT PREPARATION SYSTEM 199 169 
coe LICENSE KIT 249 209 
XENIX SYSTEMV(COMPLETE) 1295 995 
DEVELOPMENT SYSTEM 595 499 
OPERATING SYSTEM. 595 499 


TEXT PROCESSING PACKAGE 195 
XENIX FOR PS/2 50,60,80 NEW CALL CALL 


WENDIN: 
OPERATING SYSTEM TOOLBOX 99 79 
PCVMS 


99 79 
PCNX 99 79 
WENDIN-DOS 99 79 
WENDIN-DOS APPLICATION 99 CALL 
PASCAL COMPILERS 
MARSHAL PASCAL SPECIAL 189 149 
MICROSOFT PASCAL 300 «185 
PASCAL-2 SPECIAL 350 299 
PROFESSIONAL PASCAL 595 CALL 
TURBO PASCAL NEWY. 4.0 100 65 
TURBO PASCAL DEV. LIB. NEW 395 259 
TURBO PASCAL ADD-ONS 
ALICE 95 69 
DOS/BIOS & MOUSE TOOLS 75 69 
FLASH-UP 89 79 
FLASH-UP TOOLBOX 49 45 
INSIDE TRACK 65 55 
MACH 2 75 59 
METRABYTE DATA ACQ. TOOLS 100 89 
PASCAL HELPER 80 75 
PEEKS & POKES 45 39 
SCIENCE AND ENGIN. TOOLS 75 69 
SCREEN SCULPTOR 125 95 
SYSTEM BUILDER 150 129 
IMPEX 100 89 
REPORT BUILDER 130 «(115 
T-DEBUG PLUS 60 49 
TP2C 249 «199 
TURBO ADVANTAGE 50 45 
TURBO ADVANTAGE COMPLEX 90 79 
TURBO ADVANTAGE DISPLAY 70 65 
TURBO. ASM 99 69 
TURBO ASYNCH PLUS 129 99 


FEATURED PRODUCTS 


PRO-C ‘C’— Source Program Generator. It 
produces stand-alone ‘C’ program exactly to your 
specification. Each program is fully optimized and 
ready to run. They are complete with documented 
source code and full system documentation. PRO-C 
gives freedom from the time-consuming work 
associated with Source Code development, allowing 
concentration on more demanding tasks such as 
system design and specification. 

List: $399 Special Price: $379 


CARBON COPY PLUS— Communications 
software, that features both Remote Control and 
Terminal Emulation. 
Remote Control: Use your PC to observe and 
control a remote PC as though the two were one. 


Access your office PC while you are at home. 
Terminal Emulation: Includes V-52, V-100, 
TVI-920, IBM-3101. Easy to access host 
computers and on-line information databases. 
Carbon Copy Plus will also allow you to send and 


Teceive telexes. 
List: $195 Special Price: $139 


Pascal-2— Highly optimized Pascal compiler, with 
source level debugger, profiler. 

List: $350 Special Price: $299 
ADVANTAGE Disassembler — Provides 
immediate feedback as you work, storing results in 
tables on disk. Final output is ready for MS 
assembler, Handles COM and EXE files 
8086/186/286 code and 8087/287 coprocessors. 


List: $295 Special Price: $249 
TURBO EXTENDER 2 85 65 
TURBO HALO 129 99 
TURBO MAGIC 99 89 
TURBO OPTIMIZER 75 65 
TURBO POWER TOOLS PLUS 129 99 
TURBO POWER UTILITIES 95 79 
TURBO PROFESSIONAL 70 49 
TURBO WINDOW/PASCAL 95 79 
UNIVERSAL GRAPHICS LIBRARY 150 119 
SCREEN DISPLAY/WINDOWS 
C POWER WINDOWS 130) 115 
C-SCAPE 279 265 
CURSES W/SOURCE CODE 250 169 
GREENLEAF DATA WINDOWS 225 155 
W/SOURCE CODE 395 269 
JYACC FORMAKER 495 449 


LIST OURS LIST OURS 
JYACC JAM 750 679 RUNOFF TEXT FORMATTER 50 45 
MICROSOFT WINDOWS 99 65 TURBO ASYNCH PLUS NEW 129 99 
MS WINDOWS DEVELOPMENT KIT 500 309  TURBOC TOOLS 129 99 
PANEL 295 215 TURBO POWER TOOLS PLUS NEW 129 99 
PANEL PLUS 495 395  VIEWMANAGER (C/PASCAL) 275 199 
PANEL/TC (URBO © 98 
/TC (TURB ) 12! 5 
ee eon 2 1S eo 
SCREENSTAR W/SOURCE 198 155 fee EON ioe aes 
VIEW MANAGER 275 199 
AST ADVANTAGE PREMIUM W/512K 495 
VITAMIN C 225 159 
VC SCREEN 99 79 AST RAMPAGE! 286 W/512K 545 
TATRA E ARG 2) 72_| HERCULES GRAPHICS CARD PLUS 299 
WINDOWS FOR DATA 295 235 Bak ap ees IN GGcOR 499 
are me OS | SaetHD URES Pes 
TRANSLATORS 
BAS__C (ECONOMY) 199 169 [mEGRDEEUSE 
BAS__C (COMMERCIAL) 375 319 
BAS__PAS (ECONOMY) 149 125 BORLAND 
BAS__PAS (COMMERCIAL) 280 239  TURBOBASIC COMPILER 100 65 
BASTOC 495 399 DATABASE TOOLBOX 100 65 
BASTOC (BASICA VERSION) 795 639 EDITOR TOOLBOX 100 65 
DB2C 299 CALL TELECOM TOOLBOX 100 65 
DBX TRANSLATOR 350 299 TURBO CCOMPILER 100 65 
RTC PLUS 325 289 TURBO PASCAL NEWY.4.0 100 65 
TP2C 249 199 TURBOPASCAL DEV.LIB. NEW 305 259 
TURBO TOC 495 449 TURBO TUTOR 45 
NUMBRICAL METHODS TOOLBOX 100 68 
ADDITIONAL LANGUAGES/PRODUCTS DATABASE TOOLBOX 100 65 
ACTOR 495 CALL EDITOR TOOLBOX 100 65 
CARBON COPY PLUS NEW 195 139. GAMEWORKS TOOLBOX 100 65 
DAN BRICKLIN’S DEMO PROGRAM 75 59 GRAPHIX TOOLBOX 100 65 
DAN BRICKLIN'S DEMO TUTORIAL 50 45 TURBO PROLOG COMPILER 100 65 
HS/FORTH 395 359 TURBO PROLOG TOOLBOX 100 65 
JANUS/ADA C PACK 95 89 = 
LATTICE RPG Il COMPILER 750 629  GREENLEAF 
MASTER FORTH 125 115  GREENLEAFCSAMPLERSPECIAL 100 69 
MKS AWK _-73 69  GREENLEAF COMM LIBRARY 185 . 125 
MKS TOOLKIT 139 115 GREENLEAF DATA WINDOWS 225 155 
NORTON GUIDES 100 65 W/SOURCE CODE 395 289 
PC FORTH 150 109  GREENLEAF FUNCTIONS 185 125 
PERSONAL REXX 125 99 
PL1_86 750 675 LATTICE 
PRO-C'C’ SPECIAL 399 379  LATTICEC SPECIAL PRICE 500 CALL 
SAPIENS V8 300 269 W/SOURCE CODE 900 495 
SET: SCIL 349 319  CCROSSREFERENCEGENERATOR 50 39 
SOFTSCREEN HELP 195 149 W/SOURCE CODE 200 139 
TEXTMANAGEMENT UTILITIES 120 89  C-FOODSMORGASBORD 150 95 
‘THE WEINER SHELL 199 179 W/SOURCE CODE 300 179 
C-SPRITE 175 119 
BLAISE CURSES SCREEN MANAGER 125 89 
ASYNCH MANAGER (CIPASCAL) 179.135 W/SOURCE CODE 250 169 
C ‘TOOLS PLUS/5.0 EW 129 99 CVUE 75 89 
EXEC 9 «79 W/SOURCE CODE 250 199 
LIGHT TOOLS FORDATALIGHTC 100 79  DBCIII 250 169 
PASCAL TOOLS/TOOLS 2 175 135 DBC III/II W/SOURCE CODE 500 359 


Xeezx8% Special Holiday Presents from Programmer's Paradise.? 


Microsoft Holiday Rebate ,;) UF BDA oF 


Buy a combination of these new, fast and complete Microsoft language 
products — Quick C, QuickBASIC and Macro Assembler —and get a check 
for up to $50. For programmers who hate to wait, QuickBASIC is ideal 
because it eliminates the time-consuming compile step. For more sophisti- 
cated programming, choose QuickC for fast and easy compilation and 
prototyping. When you really need control, choose Macro Assembler. The 
CodeView debuger, an integral part of the Masm system, lets you test and 
debug your Microsoft QuickBASIC, QuickC and Macro af 

Assembler programs all at the same time. Microsoft 
All three List $348 Ours $225/after rebate $175 

Any two List CALL Ours CALL 


Greenleaf C Sampler 


3-in-1 oil for your C programs. Interrupt communications, windows, menus - . 
and more in a big new library. Device independent, logical attributes, : 
unlimited logical windows. Keyboard input includes function and other keys. 
Clear examples to help you get started. Drives comm ports up to 9600 baud, 
with XMODEM included, using the most powerful system available. Also 


includes pull down menus that are easy to use. Avail- 
able for Quick C and Turbo C. Free source code with 92 


purchase by Feb. 15th. List $95 Special Price $69 GREENILEAF 
Biya 


PI Editor 


Imagine editing multiple files in multiple resizable windows; invoking your 
compiler and seeing your errors highlighted with error mes- 
sages; using advanced features like undo, macros, regular 
expressions, and “Find All” to speed your development pro- 
cess, Pl—feature packed, lightning fast, fully configurable. The 
ultimate editing environment. List: $195 Ours: $149 


Hh 


Terms and Policies 
+ We honor MC, VISA, AMERICAN EXPRESS 
No surcharge on credit card or C.0.D. Prepayment by 
check. New York State residents add applicable sales 
tax. Shige and handling $3.00 per item, sent UPS 
ground, ‘ush service available, prevailing rates. 

+ Programmer: 's Paradise will match any current nation- 


1-800-445-7899 
In NY: 914-332-4548 


Customer Service: 


914-332-0869 
International Orders: 


914-332-4548 
Telex: 510-601-7602 


ally advertised peer for the products listed in this ad. 


= Prices and Policies subject to change without notice. 
+ Hours 9AM EST—7PM EST. 
*Ask for details. Some manufacturers will not allow 
returns once disk seals are broken. 
Corporate Buyers — Call for special 
discounts and benefits! 


LIST OURS LIST OURS 
DBC III PLUS 750 595 PFANTASY PAC 995 599 
W/SOURCE CODE 1500 1185 PFINISH 395 209 
LMK 195 139 PFIX86PLUS 395 - 209 
LSE 125 99 PFORCE 395 209 
RPG II DEVELOPER SYSTEM 1400 1119 PFORCE+ + 395 209 
RPG II COMPILER 750 629 PLINK86PLUS 495 275 
RPG II SEU 250 199 PLOCATE CALL CALL 
RPG II SORT/MERGE 250 199 PMAKER 125 79 
RPG II SCREEN DESIGN AID 350 309 PMATE 195 109 
SECRETDISK II 79 69 PRE-C 295 155 
SIDETALK 120 89 PTEL 195 109 
SSP/PC 350 269 
TEXT MANAGEMENT UTILITIES 120 89 POLYTRON 
POLYBOOST 80 69 
LIFEBOAT POLYDESK III 99 75 
ADVANTAGE 386 C 895 799 POLYDESK III ARCHIVIST 50 45 
ADVANTAGE 386 PASCAL 895 _799 POLYDESK II] CRYPTOGRAPHER 50 45 
ADVANTAGE C++ 495 479 POLYDESK III TALK 70 455 
ADVANTAGE DISASM. SPECIAL 295 249 POLYLIBRARIAN 99 85 
ADVANTAGE GRAPHICS 250 225 POLYMAKE 149 125 
ADVANTAGE LINK 395 359 POLYSHELL 149° «125 
ADVANTAGE MAKE 125 99 POLYTRON C BEAUTIFIER 49 45 
ADVANTAGE VCMS 379 329 POLYTRON C LIBRARY I 99 75 
PANEL 295 215 POLYXREF 219 185 
PANEL PLUS 495 395 PVCS NETWORK 1000 CALL 
QUICKSCREEN 195 175 PVCS CORPORATE 395 ©6329 
RUN/C-THE C INTERPRETER 120 79. PVCS PERSONAL 149 «125 
RUN/C PROFESSIONAL 250 155 
TIMESLICER SPECIAL 295 249 
WEOOES UO? 1000 88° | XENIX/UNIX PRODUCTS 
MICROSOFT MICROPORT & SCO PRODUCTS CALL CALL 
MS BASIC COMPILER (XENIX) 695 419 ADVANTAGE C+ + 
MS BASIC INTERPRETER (XENIX) 350 209 
MS C COMPILER 450 269 
MS COBOL COMPILER 700 439 INFORMIX 
FOR XENIX 995 609 KORN SHELL 
MS FORTRAN 450 269 MICROSOFT LANGUAGES 
FOR XENIX 695 419 PANEL PLUS 
MS LEARNING DOS 50 39 QUICK SHELL | 
MS LISP 250 155 REAL TOOLS 
MS MACRO ASSEMBLER REBATE 150 95 RM/COBOL 
MS MOUSE BUS VERSION 175° 19 RM/FORTRAN 
MS MOUSE SERIAL VERSION 195 125 SCO MULTIVIEW (286) 
MS MUMATH 300 185 SCO MULTIVEW (386) 
MS PASCAL COMPILER 300 185 TURBO SORT 
FOR XENIX 695 419 
MS QUICK BASIC REBATE 99 65 
MS QUICK C REBATE 99 65 AMIGA PRODUCTS 
MS SORT 195 125 AZTEC COMMERCIAL 499 449 
MS WINDOWS 99 65, AZTEC DEVELOPERS 299 269 
MS WINDOWS DEVELOPMENTKIT 500 309 C-TERP 98 79 
MS WINDOWS/386 195 125 DBMAN 150 119 
LATTICE AMIGA DOS COMPILER 200 159 
PHOENIX LATTICE PROAMIGAC COMPILER 375 299 
C/PAC (PFORCE, PRE-C) SPECIAL 495 279 MODULA II REG 90 75 
PASM86 195 109 MODULA II DEV 150 125 
PDISK 145 «99 TRUE BASIC 100 «79 


TimeSlicer 


Enhance your C programs with TimeSlicer, a multitasking library that gives 
you the ability to create multitasking and real-time programs at the applica- 
tion level rather than interfacing with the operating system. New version 
5.0 includes multiple, user defined critical classes, math coprocessor 
support, terminate and stay resident functionality, improved event counters 


and timers and ability to terminate other tasks 
1 KEDAAT 


from the current one. 
List $295 - Special Price $249 od a cat 


C/Pac (PforCe and Pre-C) 


Take advantage of this special bundle offer for C programmers! PforCe is a 
precoded optimized object-oriented toolkit of over 400 routines. It includes 
databases with B-trees, windows, interrupt-driven communications, string 
handling, menus, all of the basic DOS interfaces and other important 
features. Pre-C is now twice as fast with additional functionality. It cross- 
checks multiple source files and libraries at once, imme- 
diately uncovers errors.in interfaces between program i 
modules and performs other key functions. poor? 
List $495 Special Price $279 


Microport System V/386 


Get multi-user, multi-tasking performance today with your 80386 PC and 
Microport’s UNIX System V Release 3, the real UNIX developed by AT&T 
and Intel and enhanced and extended by Microport. System V/386 delivers 
almost unlimited speed and power. Runs in protected 
mode and supports four gigabytes and an unlimited 
number of users. 

Complete System List $799 Special Price $679 


Happy Holidays 


from 


Programmer’ 
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A Division of Hudson Technologies, Inc. 
42 River Street, Tarrytown, NY 10591 
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CIRCLE 25 ON READER SERVICE CARD 


“..At less than 
$100, this is 
easily the best 
2 buy in Lisp 


systems for PCs,” 


Discover how powerful—and 
inexpensive—PC symbolic prograin- 
ming can be with PC Scheme from 
Texas Instruments. Whether you’re an 
experienced Lisp programmer or just 
beginning, PC Scheme is the complete, 
$95* solution to your software 
development needs. 

PC Scheme combines elegant 
simplicity with remarkable speed in a 
full Lisp development system. Named 
PC Tech Journal's Product of the 
Month (August 1986), PC Scheme 
brings professional Lisp programming 
features to personal computers. 


261933A 
© 1987 Texas Instruments Incorporated 


PC Scheme 3.0 


ws 


—Optimizing incremental byte-code 
compiler for ease of programming 
and operation 

—EMACS-like editor 

—Lexical scoping of variables 

—Ability to suspend PC Scheme, 
execute DOS-based programs, then 
return to PC Scheme 

—Randomfile access and binary-file 
support 

—Extensions for debugging, graphics 
and windowing 

—External language interface to C, 
Turbo Pascal® and other languages 

—SCOOPS (Scheme Object- 
Oriented Programming System) 

—Two-megabyte extended/expanded 
memory support. 

—New manuals with tutorials and 
examples 


Find out for yourself why experts are 
praising PC Scheme. For the dealer 
nearest you, or to order by phone, call 
toll-free: 


~ 1-800-527-3500 


_* TI Suggested list price 


PC Scheme runs on IBM® Personal Computers and compatibles 
(including the Texas Instruments Business-Pro™ computer). 
Minimum configuration: 512K RAM, dual floppy system. 


Turbo Pascal is a registered trademark of Borland International. 
IBM is a registered trademark of International Business Machines 
Corporation. Business-Pro is a trademark of Texas Instruments 
Incorporated. 


TEXAS 4B 
INSTRUMENTS 


S/2, Micro- 

soft’s latest 

addition to its 

operating sys- 
tem line, could well become the operat- 
ing system of the next decade for Intel 
80286/80386 microcomputers. Its multi- 
tasking capabilities, full-featured appli- 
cation programming interface (API), 
and extendability to future hardware al- 
most guarantee its success. 

Microsoft sees microcomputing as a 
platform for office automation hardware 
and software: The office of the future 
(regardless of a company’s structure and 
line of business) is envisioned as a place 
of personal and group productivity. Per- 
sonal productivity is to be achieved 
through multitasking, common graphical 
user interfaces, and the sharing of re- 
sources such as data and powerful hard- 
ware. Group productivity will occur 
through individual use of wide and local 
area networks (LANs). 

This article introduces you to the vari- 
ety of system services provided in OS/2, 
allowing you to investigate the opportuni- 
ties offered by OS/2 without a substan- 
tial investment of time and money. First 
I will overview the operating system, 
then I will delve into the details of the 
system services. 


OS/2 Software Development Kit 
The OS/2 system architecture has three 
layers. The main layer is the OS/2 ker- 
nel and system services. The second layer 
is the Windows Presentation Manager 


(WPM), Microsoft’s new Windows inter- 
face specifically for OS/2. The third lay- 
er is the OS/2 LAN Manager, the 
control software for local and wide area 
networking. This article focuses on the 
OS/2 kernel and is based on the OS/2 
Software Development Kit (SDK), first 
beta test release. Some features may be 
changed or added by the time this article 
is printed. 

The base OS/2 kernel (low-level con- 
trol process) provides the needed multi- 
tasking and related system services 
without requiring any other special inter- 
faces. A user can run many applications 
and/or utilities concurrently. 

To use OS/2, developers at most will 
have to learn the OS/2 API, a high-lev- 
el, call-based programming interface. 
The API is especially useful for pro- 
gramming languages such as C since it is 
a natural function call interface. Al- 
though Microsoft is stressing the use of 
WPM, it is not necessary. The LAN 
Manager also is not a requirement. Ap- 
plications can take advantage of OS/2 
multitasking by simply using the plain 
vanilla OS/2 system. 

The OS/2 SDK comes complete with 
an optimizing C compiler, macro assem- 
bler, and a host of other programming 
and operating system utilities and tools: 
object librarian, linker, CodeView source 
debugger, and full-featured window- 
based programmer’s editor. The WPM 
developer’s kit and LAN Manager soft- 
ware will be shipped shortly. The SDK 
has an array of technical manuals for 
system call interface specifications and 
device drivers. 
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OS/2 is based on a preemptive sched- 
uler. Thus on given intervals the OS/2 
kernel is interrupted by the real-time 
clock in the PC. When it is interrupted, 
the kernel gains total control of the CPU 
(even over any currently running task). 
The kernel reschedules all runnable tasks 
and executes the task that is next in line. 

The scheduler uses time slicing to give 
a task time to run. Time slicing is based 
on the priority of each task. Each task is 
given an allotted time to run, after which 
the kernel does a context switch. Context 
switching preserves the current task’s 
registers and modes of operation and 
switches in the context of the next task in 
line to be executed. 

The API is implemented in a set of 
dynamic link (dyn-link) libraries. Rou- 
tine addresses are far, 32-bit addresses, 
and arguments are passes on the caller’s 
stack. 

Dyn-link libraries save disk space be- 
cause program file size is reduced. When 
the program is built by linking, OS/2 
system call function addresses are not re- 
solved by the linker. Instead, the linker 
knows (because of a special object head- 
er) that the routines will be resolved at 
run time when the program is loaded and 
does not generate errors. 

Not only are the dyn-link routines 
loaded at run time, they may also be 
shared by as many concurrently execut- 
ing tasks as require their use. This ability 


47 


also saves internal real memory or 
RAM. 


Dyn-linking plays an important part in 


Microsoft’s view of microcomputers. 
Since all applications call the API, the 
API or dyn-link routines may be re- 


placed to support future hardware with- 
out having to distribute a new version of 


the application to fit it. Also, if a dyn- 


link routine has a bug, your application’s 
user could be directed to Microsoft for a 
new dyn-link library. Thus your applica- 


tion should never have to be changed. 
Code sharing is exploited not only with 


dyn-link libraries but also with multiple 


occurrences of the same application. 
OS/2 knows when an application has 


been loaded two or more times and just 
reuses the existing code segment, only al- 


locating memory for the other process 


sections such as data, heap, and stack. 

OS/2 has the ability to run in two 
modes: protected and real. Protected 
mode is for multitasking, and real mode 
facilitates the running of MS-DOS appli- 
cations. Protected mode is used by the 
80286 and 80386 microprocessor to keep 
one process from being affected by an- 
other, ill-behaved process. In other 
words, a process may not access memory 
outside its process environment. In real 
mode, an application can access all ma- 
chine resources (such as the video mem- 
ory map) directly. 

From its inception, one requirement 
for OS/2'was the ability to run existing 
MS-DOS applications. This feature al- 
lows users to migrate to the new multi- 
tasking system and still be able to run 
their favorite MS-DOS applications at 


Working with the OS/2 session manager 


Hot key invokes 
the session manager 
to select a screen 
group or start new 


Start a program 


DATABASE.EXE 
COMMAND.COM 
GRAPHICS.EXE 
FINDFILE.EXE 


next screen group 


OS/2 screen groups 


Hot key toggles to 


‘DATABASE.EXE == =COMMAND.COM 


Figure 1. 
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MS-DOS 3.x Box 


GRAPHICS.EXE FINDFILE.EXE 


the same time as OS/2 multitasking 
applications. 

MS-DOS applications are run in real 
mode when OS/2 dynamically changes 
the processor’s mode settings. OS/2 con- 
tinues to execute protected mode pro- 
cesses in the background while the MS- 
DOS compatibility box runs in the 
foreground. If the user switches to a pro- 
tected-mode application, the 286/386 
processor is changed back to protected 
mode and the MS-DOS application is 
frozen from execution in the background. 
The MS-DOS compatibility box may be 
completely disabled if it is not needed, 
giving OS/2 more memory for protected 
mode. 

The user loads and runs applications 
in screen groups. Screen groups are a 
logical division for nontechnical users to 
exploit multitasking. These groups also 
help manage and organize the division of 
completely different applications. 

Screen groups are controlled by a pro- 
cess called the session manager. The ses- 
sion manager allows the user to invoke 
new protected mode command processors 
and one individual MS-DOS session. As 
is seen in Figure 1, the user presses a hot 
key to switch back to the session man- 
ager or go directly to another screen 
group. 

Screen groups are implemented as 
multiple virtual terminals or sessions. 
Each group has a virtual screen buffer, 


_ keyboard, and mouse. When you create a 


screen group, the session manager in- 
vokes a new command processor for it. 
From there, you may run multiple pro- 
cesses in each group. A process may be 
spawned in either the foreground or 
background. 

When a process is running in a fore- 
ground screen group, it writes directly to 
the video display. When a process is run- 
ning in a background screen group and 
needs to display information, the data is 
written to its virtual screen buffer. Thus 
when you switch to a new screen group, 
any information that was written to the 
virtual display is flushed to the physical 
display. The focus of keyboard and 
mouse events is concentrated on the cur- 
rent foreground screen group. 

If you are familiar with programming 


under MS-DOS, you will notice that 
OS/2 has a superset of the MS-DOS fa- 
cilities for most device and system capa- 
bilities. For instance, the OS/2 video 
interface is a superset of the INT 10H 
ROM BIOS calls offered on IBM PCs 
and compatibles. The mouse and key- 
board interfaces are also much easier to 
use. The file system interface includes all 
the read, write, and file search mecha- 
nisms and even implements new asyn- 
chronous file reads and writes. Thus an 
application can do something else while 
the disk drive is being accessed. 

A Family API (FAPI) subset of OS/2 
system calls supports MS-DOS 2.x and 
3.x as well as OS/2. This subset excludes 
the various multitasking features and in- 
terprocess communications (IPCs) but 
allows programs to be completely porta- 
ble between the two operating systems. 
Each major OS/2 system interface sub- 
system, such as file and video, has a set 
of system calls reserved for use under 
both operating systems. A programming 
utility called “binding” makes a program 
compatible with both operating systems. 

Binding a program places a set of 
compatibility routine stubs at the end of 
the program file. If the program is load- 
ed under MS-DOS, the stub routines are 
loaded with the program and used during 
execution. When the program is run un- 
der OS/2, the stubs are not loaded; the 
dyn-link libraries are used instead. Bind- 
' ing a program costs the application in 
both program size and execution speed, 
but FAPI is useful when you need-the 
compatibility. 

The base OS/2 system is a rich pro- 
gramming environment. You don’t need 
to use the WPM to create applications. 
This fact is important to the success of 
OS/2 because the learning curve in- 
volved in programming for WPM is tre- 
mendous. If all companies had to use 
WPM, many might look to another oper- 
ating system forum to carry their next 
generation software products. 

Not having to use WPM will allow ex- 
isting large multitasking. applications un- 
der systems such as UNIX to be readily 
ported to OS/2 with minimal conceptual 


revisions. Not using WPM will also al- 
low many applications to become avail- 
able very soon, adding to the momentum 
of OS/2. Early products will give OS/2 
a reasonably strong foundation and give 
WPM developers time to complete new 
software without a lot of pressure to de- 
liver before the product’s time. 

Now that I have explained the basic 
foundation of OS/2, let’s look at its sub- 
systems in detail. The areas I will con- 
centrate on are: 

w Process creation and execution 
m Memory management 

w Device services 

g File management 

mw Interprocess communications 
m Miscellaneous OS/2 services 

System routine names are referenced 
in this article by capitalizing the first let- 
ter of each word in the descriptive name, 
as in DosWrite(). The actual OS/2 sym- 
bol names are in all caps, so a program 
would call the DosWrite() routine as 
DOSWRITE(). 

All of the OS/2 API routines use the 
Pascal extended keyword for their calling 
convention so that arguments are pushed 
on the stack in the opposite order of C. 
The Pascal keyword does not allow a sys- 
tem routine to receive a variable number 
of arguments, but the code generated us- 
ing the Pascal convention is smaller and 
faster than the standard C convention. 
Also, the stack is-restored by the called 
procedure rather than the caller. 


Process creation and execution 
Multiple processes have been discussed 
to some degree, but it is still unclear how 
they are implemented and how they ex- 
ecute. A process is an environment in 
machine memory that contains code, 
data, heap, and stack segments. 

A major difference between OS/2 and 
other popular operating systems such as 
UNIX is the way tasks are scheduled 
and executed. Under OS/2, threads are 
executed, not processes. A process is sim- 
ply an instance of program execution 
that owns resources such as code, data, 
and allocated memory. A thread is the 
actual dispatchable entity. 

You might say, “That’s just semantics, 
what’s the big deal?” But the idea be- 
hind threads is not just verbal organiza- 
tion. A process may own several 


asynchronously executing threads that 


share the data and other resources pos- 
sessed by their owning process. When a 
process is first created, it owns one 
thread, the primary thread. This thread 
can request the OS/2 kernel to spawn 
another thread to perform some task. 
The new thread runs on its own time- 
slice schedule and priorities, separate 
from the primary thread. Both the pri- 
mary and secondary threads can them- 
selves spawn other threads. 

Threads are much faster to load and 
run than additional processes because 
OS/2 does not have to create another 
process environment and load another 
program file from disk to execute that 
process. When a thread finishes its job, it 
can terminate without affecting any oth- 
er thread in the entire process. 

A process is created with a call to 
DosExecPgm(), which is similar to the 
MS-DOS EXEC function but more pow- 
erful. A flag passed in the call to 
DosExecPgm() tells the kernel to ex- 
ecute the new process either synchro- 
nously or asynchronously to its parent 
process. If synchronous execution is se- 
lected, the parent process will be sus- 
pended until the child completes. With 
asynchronous execution, the parent will 
continue to execute while the child pro- 
cess runs. 

Like MS-DOS and UNIX, OS/2 al- 
lows the child to inherit its parent’s envi- 
ronment, file descriptors, and other vital 
resource handles. The parent may boost 
its child’s priority or even terminate the 
child if necessary. 

A new thread may be created by call- 
ing DosCreateThread(). The kernel is 
given a dynamically allocated stack seg- 
ment for the new thread and the far ad- 
dress of a routine to be set up for task 
scheduling. The kernel returns the newly 
created thread’s ID code to the primary 
thread for use in task control. 

Threads should be used instead of new 
processes when the task to be performed 
is local to the current process. Doing so 
allows the sharing of process data and 
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heap, making task performance much 
faster than if the duties were given to a 
new process. 

Figure 2 is an example in C of the pri- 
mary thread creating a secondary thread 
to.do some calculations for it. This exam- 
ple is not extremely useful (all it really 
does is waste CPU time), but it does 
demonstrate the calling convention and 
necessary arguments for thread creation. 
The example also shows that the thread 
has a stack to use for local (automatic) 
variable creation. Here, the only thing 
that makes thread_func() a thread is 
that the primary thread passes its far ad- 
dress to the OS/2 scheduler to create a 
context for it and run it asynchronously. 
The primary thread could call thread- 
—func() as a synchronous C function call 
instead of a thread. 

Imagine you are developing a spread- 
sheet package. The primary thread han- 
dles the user interactions but passes 


spreadsheet calculations off to a secon- 
dary thread. The user is now free to con- 
tinue working on another spreadsheet 
while the calculations are being per- . 
formed asynchronously on the first 
spreadsheet. This example should give 
you an idea of how threads can comple- 
ment your programming effort. 

Two functions handle setting thread 
priorities: DosSetPrty() alters priorities 
for the caller or another thread, and 
DosGetPrty() is used in conjunction with 
DosSetPrty() to inquire about a thread’s 
current priority. 

Priorities have three classes: idle-time, 
regular, and time-critical. Within each 
class is a priority level ranging from 0 to 
31 for each class. Idle-time, level 0 is the 
lowest possible priority, and time-critical, 
level 31 is the highest possible priority. 

The user of OS/2 and your application 
ultimately. can control priority modifica- 
tion. The file CONFIG.SYS is used at 


Thread creation by primary thread 


extern unsigned far pascal DOSCREATETHREAD():; 


extern char *malloc(); 
int amount’, amount2; 
void far thread_func(); 


int main() /* called as primary thread */ 


char *t_stack; 
unsigned t_id; 


t_stack = malloc(256); /* thread stack */ 
tstack += 256; /* stack grows down */ 


DOSCREATETHREAD( thread_func, 
{unsigned far *)&t_id, 
(char far *)t_stack ); 


for (amount1=0; amount? < 200; amount1++); 


> 


DOSEXIT ( 0,0); 


Figure 2. 
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Hes 

* called as secondary 
* thread 

ee 


void far thread func() 
int i = 0; 


amount2 = 0; 

while (i < 100 ) | 
i++; 
amount2++; 


printf(“amount2=%d\n", 
amount2) ; 


DOSEXIT( 0, 0); 
t 
if 


boot time to set priority permissions. 
Three configuration keywords are used in 
CONFIG.SYS to control the use of 
priorities: PRIORITY = ABSOLUTE or 
DYNAMIC, MAXWAIT=x, and 
TIMESLICE=x/,y]. 

The PRIORITY= ABSOLUTE or 
DYNAMIC keyword and arguments de- 
termine whether or not dynamic priority 
modification is allowed. If PRIORITY is 
equal to ABSOLUTE, OS/2 will run all 
threads at the same priority and refuse 
any request for modification. The DY- 
NAMIC configuration allows the full 
span of task priority usage. 

MAXWAIT=x tells OS/2 not to al- 
low a thread to sit idle for more than x 
seconds. If a thread is idle for more than 
the specified number of seconds, it will 
receive a boost in priority for one time 
slice so that the scheduler will run it. 
The default number of idle seconds is 3. 

Finally, TIMESLICE =x/,y/ allows 
the user to set the range of milliseconds 
the OS/2 scheduler will dedicate to a 
given thread. The x parameter is the 
lowest time slice any given thread will be 
granted, and y is the maximum allowa- 
ble time slice. 

TIMESLICE helps OS/2 reduce the 
amount of context switches necessary to 
execute a CPU bound thread. If a thread 
has executed for x milliseconds but has 
not completed a computation or is not 
blocking for I/O, then its subsequent 
time slices will each be incremented by 
one millisecond, up to y milliseconds, un- 
til the computation is done. 

These configuration settings are im- 
portant to users of OS/2. It is possible 
and very easy to boost your own pro- 
cesses’ threads to a time-critical, level 31 
priority and stay there. But doing so will 
turn OS/2 into a single-tasking system, 
which is no less than pure abuse of this 
OS/2 feature. 

Legitimate time-critical applications 
do exist. However, most tasks should be 
run at regular priority. If a thread must 
use time-critical priority, it should only 
do so for a few milliseconds. This drea 
will require education and documenta- 
tion to prevent users from being battered 
by CPU selfishness. 

The last area in process tasking con- 
trol to be covered is process and thread 
termination. If you again look at Figure 


2, you can see the last OS/2 system call 
in each function is to DosExit(). This 
call takes two arguments: an action code 
and the thread’s result code. 

An action code of | tells OS/2 to ter- 
minate all threads in the process. An ac- 
tion code of 0 only terminates the caller. 
The result code is a value that is re- 
turned to the parent thread waiting for 
the child process to terminate execution. 
The result code is analogous to the code 
that is passed to the standard C library 
functions exit() and —exit(). 

A thread can wait on a process to ter- 
minate in two ways. If the process is 
spawned synchronously, the thread will 
automatically block until its child pro- 
cess terminates, returning the result 
code. When a process is created to ex- 
ecute asynchronously, the system routine 
DosCWait() must be used to obtain the 
result codes of the child. By using 
DosCWait, a thread can wait on just its 
direct child’s termination or, optionally, 
the termination of any grandchildren and 
great-grandchildren, and so on. 

Another extremely useful OS/2 rou- 
tine is DosExitList(). This routine main- 
tains a list of code addresses that should 
be called when a process terminates nor- 
mally or abnormally, although the main 
purpose is to service abnormal termina- 
tions. Those of you who will be writing 
such tools as data base interface libraries 

will want to make use of this routine. 
’ Suppose an application uses a data 
base interface for transaction processing. 
Any form of abnormal termination-could 
leave.the data base file in an undefined 
state. By using DosExitList(), the data 
base manager could be alerted to flush 
its cache buffers and close files before 
the process terminates. 


Memory management 

Memory management under OS/2 is 
much more than merely dynamic mem- 
ory allocation. All of the common mem- 
ory allocation primitives (and then some) 
are present. 

The most important feature of mem- 
ory management is the support of virtual 
memory. Virtual memory allows a pro- 
cess to obtain more memory than phys- 
ically exists. The OS/2 memory manager 


works in conjunction with three other 
OS/2 resources: the swapper, LDT (Lo- 
cal Descriptor Table), and GDT (Global 
Descriptor Table). The LDT and GDT © 
are used to implement not only virtual 
memory but also memory protection and 
shared memory. With memory protec- 
tion, a process is not allowed to use 
memory it doesn’t own. 

Each process has an LDT. There is 
one system GDT. A process’s memory is 
mapped from virtual addresses to phys- 
ical addresses using the process’s LDT. 
The GDT contains virtual-to-physical 
memory mapping for systemwide re- 
sources used by all applications. If you 
try to access an address not in your pro- 
cess’s LDT, OS/2 will abort your process 
because of a hardware trap. Figure 3 - 
shows how physical memory is mapped 
to virtual addresses in the LDT. 

A process can request the allocation 
and use of memory in a size that doesn’t 
physically exist on the machine. The 
OS/2 memory manager calls on the 


swapper to create room in physical mem- 
ory for the request. The swapper oper- 
ates with a least-used algorithm to yank 
segments of data from RAM to disk, 
freeing the needed memory for the re- 
questing process. 

A swapped segment is marked as such 
in the LDT with a special flag. If a 
thread attempts to access data that has 
been swapped to disk, OS/2 blocks the 
thread. The swapper is then interrupted 
by hardware to create room to read the 
segment back from disk. Swapping in a 
segment often requires that another non- 
used segment be swapped out first. 
When the new physical segment is allo- 
cated, the LDT virtual-to-physical map- 
ping must be updated and the segment 
marked as nonswapped. The thread will 
then complete its time slice. 

Theoretically, this swapping scheme 
facilitates the use of 1 gigabyte of virtual 
memory within the 286’s environment 
that is physically limited to addressing 
16MB. Realistically, total memory is 


LDT virtual-to-physical memory mapping 


Process A local descriptor table 


a 


Process A 


char *data= 


Figure 3: 
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limited to the lump sum of physical 
RAM and the maximum size your hard 
disk can be formatted to. 

Unfortunately, even with this large 
amount of virtual memory, processes that 
totally exploit the limitations of physical 
memory can perform sluggishly due to 
the swapper constantly “hitting” the disk 
to accommodate the needed memory. 
This sluggishness occurs under any 
virtual-memory-based operating system. 

With the OS/2 memory manager, you 
are no longer limited to using memory in 
chunks restricted to 64K. A very large 
memory allocation routine is supplied in 
DosAllocHuge(). Allocating segments of 
memory smaller than 64K is supported, 
as is the reallocation of both large and 
small segments. DosAllocSeg() is used to 
allocate memory in chunks smaller than 
64K. 

Shared memory is arranged by calling 
DosAllocShrSeg(), Shared memory is 
memory that can be accessed by one or 
more processes and can technically be 
called an IPC facility. One process may 
call Dos AllocShrSeg() to create the 
shared memory; other processes wanting 
to share the memory must call 
DosGetShrSeg(). 

A path identifier references the seg- 
ment used for creation and sharing. Both 
DosAllocShrSeg() and DosGetShrSeg() 
are returned a segment selector to the 
memory that is commonly referenced by 
a logical path beginning with the directo- 
ry \SHAREMEM\ as in \SHARE- 
MEMNDATABASE.REC. Although 
this procedure is like opening a file, 
shared memory is not associated with the 
OS/2 file system. 

You may share a block of memory ob- 
tained by DosAllocSeg() with another 
process by calling DosGiveSeg(). Howev- 
er, DosAllocShrSeg() and DosGetShr- 
Seg() are easier to use and more versatile 
because the caller of DosGiveSeg() must 
pass the memory recipient the returned 
selector by some other means of IPC. 
Also, the caller of DosGiveSeg() must 
know the recipient’s process ID. 
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OS/2 maps the shared memory seg- 
ment onto the LDT of one or more pro- 
cesses. Therefore, two or more processes 
may use a block of physical memory by 
referencing the virtual addresses found in 
the LDT. 


Device services 

Among the variety of devices supported, 
the most commonly used directly by an 
application are the video display (the ter- 
minal), keyboard, and mouse. The disk 
drive is also used frequently by most ap- 
plications, but I will focus on disk access 
when I discuss file management. 

The video interface to OS/2 is a re- 
freshing change from using the IBM PC 
memory map and TTY device drivers of 
other operating systems. The video inter- 
face is a superset of the IBM PC BIOS 
services, but don’t let the thought of INT 
10H frighten you. It, like the other OS/2 
dyn-link interfaces, is implemented 
through high-level CALLs. You won’t 
find the slow performance of the BIOS 
in OS/2’s video subsystem. OS/2 does 
not call the ROM BIOS since software 
interrupts are not permitted in protected 
mode. The superset actually uses IOPL 
to directly access the video hardware, so 
it’s at least as fast as writing directly to 
the memory map yourself. 

Listing some of the function calls an 
application can make will give you an 
idea of services ayailable in OS/2. You 
can write a string with an attribute using 
VioWrtCharStrAtt(). Repositioning the 
cursor is handled by VioSetCursorPos(). 
And no-flicker, smooth scrolling is han- 
dled by VioScrollxx(), where xx is ei- 
ther Dn, Lf, Rt, or Up. 

Although you can get a pointer to the 
physical video buffer for both character 
and graphics modes, doing so is highly 
discouraged. With the high-level inter- 
face to character-mode video, accessing 
the physical pointer is not really neces- 
sary. You can use the physical buffer for 
graphics, but doing so is strictly device 
dependent. Graphics is fast becoming the 
job of sophisticated interfaces such as 
WPM. 

OS/2 keyboard support is a superset 
of the IBM ROM BIOS INT 16H inter- 
face. You can either read or peek at the 
keyboard. Reading one character from 
the keyboard is done through 


KbdCharIn(). The keystroke information 
is returned with character and scan code 
information and shift statuses, so you can 
interpret function and other special keys. 
Shift and press statuses are independent- 
ly accessible through KbdGetStatus/(). 
With KbdStringIn(), you can read a 
string of data requesting a maximum 
number of characters and receive the ac- 
tual number input. 

Mouse support is also a tremendous 
improvement over the MS-DOS inter- 
rupt interface. To initialize the mouse, 
just call MouOpen(). Instead of having 
to use interrupts to access mouse move- 
ment and button press information, just 
call MouReadEventQue(). The mouse 
device driver and subsystem implement 
an event queue that contains mouse 
events generated by the user. The event 
queue is a circular buffer and has a de- 
fault length of 10 events. This default 
may be changed in the CONFIG.SYS 
system file. 

CONFIG.SYS is also used to install 
the mouse driver of your choice. Differ- 
ent mouse drivers are available for the 
serial, bus, import, and Mouse Systems 
mouse device. A new keyword for the 
mouse driver tells which serial port the 
device is installed on. The default port is 
COM1, but by using the SERIAL= 
keyword, you can set up use of the mouse 
on COM2. 

Here is how you would install the 
mouse driver on COM2 for the Micro- 
soft serial mouse for use with both pro- 
tected mode and real mode: 


device=mouse02.sys serial=com2 
mode=b 


mode=b says to use both protected 
mode and real mode. To use only protect- 
ed mode, you would enter mode=p. 

All three of these device subsystems 
(video, keyboard, and mouse) can be re- 
placed by application software. By using 
VioRegister(), KbdRegister(), or 
MouRegister(), you can replace one or 
all of the routines the subsystem uses by 
mapping the default routine(s) to a re- 
placement in your application. 

One of the most valuable features of 
these device services is that outside of the 


mouse routines they are primarily FAPI 
calls and therefore bindable to MS-DOS. 
The VIO interface under MS-DOS uses 
direct memory mapping of video charac- 
ter mode output for optimum speed. The 
mouse interface is not portable or binda- 
ble to MS-DOS because the mouse inter- 
face is interrupt driven when using the 
MS-DOS driver. 


File management 

The file system that OS/2 uses is basi- 
cally the same as that offered under MS- 
DOS. In fact, all normal files are 
completely compatible between the two 
systems. The file system is based on a 
hierarchical directory structure similar to 
that of UNIX. Currently file permissions 
are passed off to the OS/2 LAN man- 
ager, but in a future release of OS/2 
they will be featured as a standard part 
of the operating system interface. 

The hard disk size is limited under 
OS/2. Actually, the limitation is not di- 
rectly related to disk size but to partition 
size. The maximum size of any partition 
is 32MB, but this size is not entirely re- 
strictive to larger storage media. With a 
larger disk drive, you can partition the 
disk into multiple 32MB (or smaller) 
partitions and reference each partition as 
a logically separate disk drive. Thus you 
don’t completely lose the storage capac- 
ity of the disk, but each logical drive 
may be only as large as 32MB. The use 
of a non-IBM standard hard drive (or 
even a 32-inch floppy) requires creating 
a new disk device driver since OS/2 only 
supports standard devices. 

There is good news for people that 
cannot tolerate the thought of copy pro- 
tection. Copy protection schemes will not 
work under OS/2. Software cannot ac- 
cess absolute disk locations; therefore, 
OS/2 will not be able to read a file that 
was saved in this way. (Sounds like a 
good limitation!) 

DosOpen() and DosClose() are used to 
open and close files, respectively. As un- 
der MS-DOS and UNIX, each process 
inherits its parents open file descriptors, 
including stdin, stdout, and stderr (if 
they are open). By default, a process 


may have as many as 20 open file de- 
scriptors. By calling DosSetMaxFH(), 
this limit may be dynamically adjusted 
up to a limit of 255 open handles per 
process. The old Yiles=xx of MS-DOS 
is a no-op for CONFIG.SYS under 
OS/2 protected mode. 

The file system API is complete with 
the read and write primitives DosRead() 
and DosWrite(). In addition, two new 
read and write functions, DosReadA- 
sync() and DosWriteAsync(), are imple- 
mented through threads. These routines 
allow the programmer to do asynchro- 
nous reads and writes so that the appli- 
cation is free to continue processing in 
another area while the disk file is being 
accessed. 

Directory query functions are provided 
by using DosFindFirst(), DosFind- 
Next(), and DosFindClose(). The infor- 
mation passed to DosFindFirst() may be 
in wild card format. The output of both 
DosFindFirst() and DosFindNext() con- 
tains full file name, attribute, and status 
(date, time, and access) information. 

You can change the size of a writable 
file with DosNewSize(). However, Dos- 
NewSize() is slow and thus is not used by 
the OS/2 swapper to shrink the swap file 
after a segment is yanked back from disk 
to memory. The swapper’s disk swap file 
can grow (and eventually will unless you 
remove it yourself) to the limit of a disk 
partition. Consequently, the swap file 
should reside in its own partition so it 
doesn’t steal space from your standard 
file system. 


Interprocess communication 
IPC is a familiar resource to those who 
have used a multitasking system before. 
OS/2 supplies the primary IPC mecha- 
nisms in pipes, queues, and semaphores. 
(Though shared memory is also a form 
of IPC, it is discussed in more detail in 
the section on memory management.) 
Most MS-DOS and UNIX program- 
mers have used pipes at one time or an- 
other. The shell command: 


sort customer.dat | more 


sorts the file customer.dat and writes the 
output to stdout (standard output—video 
display). by default. However, the | syntax 
tells the command interpreter to send the 


standard output of sort to stdin (stan- 
dard input—usually the keyboard) of the 
more file pager. This process is known as 
a pipe. 

The DosMakePipe() and DosDup- 
Handle() system calls set up a pipe be- 
tween two processes. A pipe has a read 
end and a write end. The thread that 
reads from the pipe cannot also write to 
the pipe. The very nature of how this 
form of pipe IPC is implemented re- 
quires that sharers of the pipe be closely 
related. Generally, a parent process will 
set itself up to read from or write to the 
pipe and create a child process to do the 
opposite. Having named pipes (provided 
with the OS/2 LAN manager) allows 
two processes to use pipes and be remote- 
ly related, similar to using files. 

OS/2 automatically synchronizes a 
pipe’s reader and writer. If a pipe’s read- 
er runs out of data, an attempt to read 
the pipe will cause the reader to block 
(an operating-system-enforced wait 
state). Likewise, if a pipe’s writer is fill- 
ing faster than data can be drained, the 
writer will block. 

OS/2 message queues facilitate the 
passing of messages from several servers 
to a client. The queue reader process cre- 
ates a message queue by calling 
DosCreateQueue(). The queue path 
identifier to be used to create the queue 
and attach to the queue by the servers is 
in the form \QUEUES\, as in 
\QUEUES\DATABASE.MSG. Mes- 
sage queues, like shared memory, are not 
truly related to the OS/2 file system. 

Messages can enter and leave the 
queue in one of three ways: through 
FIFO, LIFO, or a server priority number 
(priority is O—15; 15 is the highest prior- 
ity). A server adds messages to the queue 
using DosWriteQueue(), and the client 
reads from the queue using DosRead- 
Queue(). DosPeekQueue() is used by the 
client to search for a particular type of 
message. 

Each message has an associated data 
buffer: the message itself. A special re- 
quest word attached to each message is 
to be understood by both the servers and 
client. Using the request word makes 
quéues more powerful and versatile since 
the request can be a message in itself. 
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When the queue is read, the request 
word is accompanied by the process ID 
of the writer of the message. OS/2 
makes no special use of the request word, 
it only queues the value along with the 
rest of the message. 

The data buffer associated with mes- 
sage queues must be a pointer to a 
shared memory block if the message will 
be passed to a thread not in the sender’s 
process. You will also need to implement 
a queue buffer array. The queue buffer 
array allows multiple messages to be 
placed on the queue without destroying 
messages that haven’t been read yet. 
This extra work is needed because the 
kernel doesn’t manage a kernel buffer 
area for each message buffer, it only re- 
tains a far pointer to the message data. 

A semaphore is used to serialize the 
access of reusable resources such as data, 


as well as physical devices between two 
or more asynchronously executing 
threads. The semaphore model asserts 
that only one thread can own a shared - 
resource at any given time. A thread 
calls the OS/2 API to obtain ownership 
of a common resource-representing 
semaphore. The resource itself is not 
really owned. Also, owning a semaphore 
does not guarantee that another thread 
will refrain from accessing the shared re- 
source. However, the ownership of the re- 
source-representing semaphore is 
adequate resource ownership for all 
threads playing by the rules. 

OS/2 has two kinds of semaphores: 
RAM and system. Your choice depends 
on how you intend to use the semaphore. 
RAM semaphores are typically used -by 
threads within the same process to co- 
ordinate globally accessible data owned 


Calling sequence for shared screen group display 


Screen group | processes 


Process A 


Thread 2 
Blocking 


Figure 4. 
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Process B 


Thread 1 
Blocking 


by the process. System semaphores are 
used on a systemwide basis to allow 
threads from two or more processes to 
share a common resource such as a disk 
file or the keyboard (if two asynchronous 
processes within the same screen group 
are contending for use of the keyboard). 

RAM semaphores fit so well into the 
environment of one process because of 
how they are implemented. A RAM 
semaphore is just a double word of stor- 
age (C long type). The semaphore is ini- 
tially set to zero, meaning that it is not 
owned, and used by all threads that want 
to share a resource. The variable, if de- 
clared as a global, can be used by all 
threads within a process. 

System semaphores, like queues and 
shared memory, are created and opened 
by the threads that require their use. The 
identifying directory for system sema- 
phores begins with the \SEM\ path as 
in \SEM\DATABASE.SEM. Only one 
process may create and own a particular 
system semaphore. Multiple threads may 
open a system semaphore. The OS/2 
APIs for accessing this semaphore type 
are DosCreateSem/() and 
DosOpenSem(). 

The DosSemRequest() call is used to 
get ownership of the semaphore. Dos- 
SemClear() relinquishes ownership of the 
semaphore. These calls work on both 
RAM and system semaphores. 

A thread may request one of three ac- 
tion types if it requests semaphore own- 
ership and another thread already owns 
it. The thread may block indefinitely un- 
til the semaphore is cleared. The thread 
may also set a time-out limit for waiting 
on the semaphore or request an immedi- 
ate time-out. An immediate time-out 
tells the DosSemRequest() routine to re- 
turn right away if the semaphore is al- 
ready owned so that the thread can do 
something else in the meantime. 

A thread should not retain ownership 
of a semaphore for an indefinite period. 
Instead, it‘should access the common re- 
source and release the semaphore as soon 
as possible so that processing is efficient. 
Figure 4 illustrates three threads in two 
different processes requesting semaphore 
ownership for video access privileges. 

OS/2 also allows threads to use sema- 
phores as signal-triggering mechanisms. 
Suppose thread A sets a semaphore as a 


trigger to thread B, which blocks until 
thread A clears the semaphore. Thread 
A does not clear the semaphore until an 
event occurs. The event could be related 
to an auto-answer modem being called. 
When thread A detects that the modem 
has been called, it would clear the sema- 
phore so that thread B would answer and 
handshake with the caller. 

DosSemSet(), DosSemWait(), and 
DosMuxSemWait() can be added to the 
list of OS/2 routines that support a 
semaphore signaling environment. Most 
notably, DosMuxSemWait() allows a 
thread to wait on one of up to 16 events 
with time-out specifications. 


Miscellaneous OS/2 services 
Among the hundreds of OS/2 API ser- 
vices, some of the more commonly used 
routines are in the areas of task timing 
and process signaling. Your application 
may also need sound, whether for music 
or just to get some attention. 

The OS/2 task-timing API supports 
an interval timer and asynchronous timer 
delay interface. You may start the inter- 
val timer using DosTimerStart(). The 
interval timer clears a set semaphore 
based on the interval duration specified 
by the caller. The semaphore should be 
reset before each interval is reached by 
the timer. The semaphore will continue 
to be cleared until the timer is stopped 
by calling DosTimerStop(). 

' The DosTimerAsync() routine works 
similarly to DosTimerStop() but only 
waits on one elapsed timing event and 
then clears the semaphore. These calls 
mesh well with the signaling semaphore 
environment so that a blocking thread 
may be dispatched on timed intervals. 

A thread may give up its time slice for 
a number of milliseconds by calling 
DosSleep(). Threads may need to wait 
on some kind of event. DosSleep() causes 
a thread to forfeit the CPU instead of 
wasting CPU time in an empty loop. 

Signals are caused by events that oc- 
cur in hardware or software that directly 
affect a process or group of processes. 
SIGTERM is a common OS/2 signal 
generated when another process calls 
DosKillProcess(), a tasking call, to ter- 
minate another process. Usually a pro- 


cess is aborted immediately when it 
receives this signal. A process may dis- 
able signal processing by using DosHold- 
Signal() so that the SIGTERM event - 
would not affect the signaled process. 

DosSetSigHandler() records the rou- 
tine address within a process to be called 
by OS/2 when a given signal occurs. 
Supporting a signal handler allows a pro- 
cess to properly recover from a signal or 
terminate gracefully, if necessary. 

To use the speaker attached to your 
PC, call the DosBeep() service routine. 
DosBeep() takes as arguments a frequen- 
cy and time duration. The speaker will 
generate the given sound frequency (be- 
tween 25H and 7FFFH) for the number 
of specified milliseconds. 


What the future holds 

Will OS/2 be the operating system of 
the future for 286/386 microcomputers? 
Nothing. is certain, but it does have the 
required substance and definitely enough 
momentum and corporate support. The 
investment is high, not only in dollars but 
also in time and complexity. OS/2 is no 
toy. It was designed to serve the purpose 
of a platform for the next generation of 
286/386 software. 

OS/2 will receive a few enhancements 
in the future. The file system will most 
likely become installable, and security 
mechanisms will be added. 

And what about 80386 support? Al- 
though OS/2 runs on a 386, it doesn’t 


take full advantage of it. With the 386, a _ 


full 32-bit linear address space is avail- 
able; 32-bit machine operations and mul- 
tiple concurrent MS-DOS screen groups 
can run along with protected-mode appli- 
cations. In addition, much of the code 
now in OS/2 will disappear because the 
386 itself supports virtual memory and 
paging. The next two years may well 
prove to be the most important for 
OS/2. | 
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Past, Present, 
& Future 


n the early days 
of the computer, 
brilliant young 

men and women 


who tended the silent behemoths stood in 
awe of the power sleeping behind the 
metal sheets. Used primarily for ballistic 
calculations and other mathematical 
problems, the idea of programming with 
a computer was viewed as a naive 
thought. 

And yet, predating this by many years 
was the creation of Ada: Ada Augusta, 
Countess of Lovelace had taken the ideas 
inherent in the rantings of her mentor 
and friend Charles Babbage and pro- 
posed to the British scientific community 
the concept of a language for instructing 
Babbage’s calculating engine what prob- 
lems to solve and how to solve them. Her 
ideas were, as was the wont of the British 
establishment, scoffed at and completely 
ignored. 

Meanwhile, Charles Boole was creat- 
ing a variation of algebra that had a very 
simple premise—a “bit” of information 
could be either true or false, and these 
bits could be used with primitive opera- 
tions like and, or, not, etc., to create sur- 
prisingly complex mathematical 
equations. Again, this concept wasn’t 
particularly impressive to the scientific 
community, so it faded rapidly from 
sight. 

Time passes and we meet the erratic 
boy wonder, Alan Turing, who, along 
with his other accomplishments, broke 
the German secret code and had British 
Intelligence reading the secret German 
communiques throughout the second half 
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of World War II. However, we’re more 
interested in Turing for his synthesis of 
what Lady Ada introduced all those 
years before and what Charles Boole. for- 
mulated: the combination of program- 
ming languages and logical operations. 
This synthesis (no big deal by Turing 
standards) paved the way for modern 
programming languages. 

But let’s back up a bit to the late 
1800s and the travails of a young US. 
Census Bureau clerk named Herman 
Hollerith. At this point in the history of 
the U.S., the task of organizing data ac- 
cumulated during the census was becom- 
ing too much for the army of census 
employees to handle. Young Hollerith 
saw a punched-card trick being used by 
local artisians to help weave intricate 
patterns into cloth-and thought it was a 
really neat idea, so he asked the Census 
Bureau for some time to explore it as a 
possible solution to its information 
crunch. 

Four years later, the census data was 
on punch cards and Hollerith was on his 
way to being a success. He created a 
small company to market his ideas and, 
after meeting up with another bright fel- 
low named Tom Watson, sold it to Wat- 
son as one of the cornerstones of the new 
company called International Business 
Machines Corp. 

In the late 1940s, Turing’s ideas 
caused others to think about ways to tell 
the computer what to do. The dials 
seemed a bit clunky, but the idea of 
teaching the computer was the holy grail. 
The power of these boxes (their size in- 
creasing rapidly at this point) could be- 
gin to be realized. 

John Backus and Massachusetts Insti- 


tute of Technology (Cambridge, Mass.) 
Professor John McCarthy decided that 
machine language wouldn’t do and that 
assembly language wasn’t any sort of 
programming language at all, so they 
started creating different classes of pro- 
gramming languages. Out of this came 
the language from Backus (an IBM em- 
ployee) designed for FORmula TRANs- 
lation, which he called FORTRAN. 

McCarthy watched, thought, and de- 
cided that serial, procedural logic wasn’t 
much of a step from assembly language 
either, and with the help of some dedi- 
cated MIT hackers, restated the entire 
concept of teaching computers how to 
solve problems as that of manipulating 
lists. The result was a language for LISt 
Processing, known as LISP. 

In a rapid sequence of events, [AL 
(later renamed ALGOL, then ALGOL- 
58 when it was revised in 1960), AL- 
GOL-60, ALGOL-68, FORTRAN-77, 
PL/I, Pascal, BASIC, and a bewildering 
array of other so-called advances were 
foist upon an all-too-willing public. 


First advanced languages 

Let’s consider the significance of the var- 
ious languages and what they represent 
to the professional computing community 
and the public. 

We’ve seen that LISP was and re- 
mains a prime example of the “other” 
school of programming language de- 
sign—where line two isn’t required’ to be 
executed after line one. One of the key 
contributions of LISP was the concept of 
interpreting a program as it was read in 
(and later typed in). Although BASIC 
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later went much further with this con- 
cept, LISP’s introduction of it marked a 
major turning point in programming. 

SKETCHPAD was a brilliant com- 
puter-based drawing program written in 
the early 1960s by a young MIT Lincoln 
Lab graduate student named Ivan Suth- 
erland that left other researchers and the 
computer community breathless. It dem- 
onstrated how the computer could be 
used interactively. LISP continued this 
idea by showing that computers could 
also be taught interactively. 

Remember, this was while various 
committees were designing the earliest 
versions of FORTRAN (at IBM), AL- 


GOL (at an international committee 
sponsored by the newly formed Associ- 
ation for Computing Machinery), and a 
business language rather optimistically 
called the COmmon Business Oriented 
Language (COBOL). 

Of course, these languages were sig- 
nificant for the introduction of control 
flow statements, with FORTRAN, and 
perhaps more importantly, the realization 
that programmatic solutions to general 
classes of problems, or algorithms, need- 
ed to be easily communicated in the 
computer community. (Critics who later 
scoffed at the exclusion of input and out- 
put statements and procedures from the 
IAL/ALGOL-58 definition failed to un- 
derstand this need.) 

Suddenly everyone was speaking the 
same language and programming had 
become a legitimate profession. ~ 

The next major step in programming 
was taken by a radical Swiss professor 
who stormed out of the early ALGOL 
meetings in the middle 1960s to “show 
them how it was done.” Out of this frus- 
tration with the bureaucratic process 
came a simple language ideally suited to 
teach procedural programming concepts: 
Pascal. The professor was Niklaus 
Wirth, and ironically, he later stormed 
out of an early Ada meeting in the late 
1970s and created Modula-2. 

Why is Pascal so interesting? Because 
it reversed what seemed to be a whirlpool 
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of language features, where the new lan- 
guages became so complex that no one 
could be expected to know all the fea- 
tures. In an era of elephants along came 
a racehorse—not as powerful or able to 
carry such large loads, but sleek, fast, 
and far easier to start with. 

Since John Backus had joined Peter 
Naur to begin the science of compiler 
construction a few years earlier, compiler 
writing had become predominantly toil 
and not particularly interesting. It took 
years to create a full compiler for a new 
programming language such as ALGOL 
or PL/I. Now suddenly there was Pascal, 
and programmers could feasibly have a 
compiler written in a few months. 

Since then we’ve seen that Pascal is- 
overly simplistic for complex program- 
ming ‘tasks, but it is one of the first lan- 
guages of its class that was right for 
small programs. 

During all this, at the University of 
California in San Francisco, a language 
created by John Starkweather for writing 
computer-based instructional programs 
was being modified by the programmers 
to be more succinct. Ultimately, PILOT 
was given cryptic, one-letter commands 
over clearer, more understandable full- 
word commands. This is an example of 
what I’ll call regression. 


BASIC and APL 

At Dartmouth University, Hanover, New 
Hampshire, John Kemeny and members 
of the Computer Science Department 
were designing another programming 
language. This one, however, would turn 
out to be more significant than those I’ve 
mentioned so far. It was designed specifi- 
cally for beginning programming stu- 
dents (as Pascal came to be but wasn’t 
designed for) and wasn’t initially interac- 


tive. It went by the unwieldy name of the 
Beginners All-purpose Symbolic Instruc- 
tion Code, or BASIC. When made inter- 
active and added to the first primitive 
personal computer by a young upstart 
named Bill Gates, BASIC was the first 
public programming language. Now pro- 
gramming wasn’t so mysterious and pro- 
gramming languages weren’t strange 
cryptic codes but almost like English. 
The simultaneous introduction of PCs 


and BASIC really started the computer 
revolution—before that computers were 
banks of flashing lights in B-grade sci- 
ence fiction films and mysterious number 
crunchers deep in the bowels of the most 
secret government laboratories. Comput- 
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ers went from being unknown to some- 
thing that anyone could own. Groups 
sprang up overnight for the design, cre- 
ation, promotion, and exploitation of 
these new marvels. Entire computer ar- 
chitectures were introduced and sold by 
people working at home, not in secret de- 
velopment laboratories. The computer 
had finally gone public. 

Certainly some will argue that BASIC 
wasn’t anywhere near as significant as 
portrayed here. But an examination of 
the history of programming and pro- 
gramming languages clearly shows that 
BASIC was the turning point for a num- 
ber of trends, including the writing and 
selling of programs by amateur program- 
mers (before the first popular computer 
there wasn’t much of a market anyway) 
and the wild burst of variations of BA- 
SIC still appearing in the language 
marketplace. 

Such diversity of programming lan- 
guages is an interesting phenomenon that 
continually crops up in the computer in- 
dustry. It seems a popular hobby to fix 
the works of other programmers and lan- 
guage designers. 

Another language that introduced an 
entire school of thought is the mysterious 
APL (A Programming Language). APL 
was the first language to approach the 
problem of programming as the expres- 
sion of a problem in a suitable manner. 
This revelation led to the creation of a 
set of symbols (borrowed from Greek, a 
favorite language of mathematicians) in 
which each symbol represents a complex 
function or activity and a peculiarly 
mathematical interpretation of the lan- 
guage by the system. 

Indeed, you can accomplish astound- 
ingly difficult tasks in the encoding of 
two or three of the Greek symbols. A 
dozen or two of the symbols is often 
enough to solve many of the problems 
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that would have taken thousands of lines 
of code in more traditional languages. 
The encoding of these symbols has 
some side effects, of course, not the least 
of which is embodied in the tale of the 
programmer who rewrote an APL pro- 


gram from scratch each time a mistake 
was found since it was easier than trying 
to figure out how the existing program 
worked. APL was the first of the highly 
specialized programming languages. 


C enters the scene 

C is a language that has recently made a 
dramatic entrance into the programming 
community. However, C is another exam- 
ple of regression—created to offer the 
power of assembly language (which was 
shunned as early as the middle 1950s as 
not being suitable for the creation and 
maintenance of complex software) and 
the features of higher-level languages. 
This set of features includes the ability to 
freely wander through the computer 
memory regardless of what is there and 
to ignore each variable type and other 
typically low-level features. 

It is ironic that, after years of pro- 
grammers using complex, structured pro- 
gramming languages like FORTRAN, 
ALGOL, and Pascal, a language with 
much more primitive roots has become 
so popular. 

Let’s consider what C is as a program- 
ming language, how it fits into the over- 
all universe of programming languages, 
and why it is so amazingly popular. 

One of the major goals of program- 
ming language designers is to simplify 
the solution description of the various 
problems the programmer will be solving. 
We’ve seen an evolution of languages 
that are more English-like and are 
gradually utilizing what have become ac- 
cepted standard notations in the com- 
puter world. Other notations have been 
discarded for lack’of use (such as the 
full-word commands in PILOT) or lack 
of continuity in the language (such as 
the specific tab stops in-éarly versions of 
FORTRAN). This evolution is positive, 
and we are consistently seeing languages 
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that are far more sophisticated than their 
predecessors. 

In the meantime, a couple of chaps 
from AT&T Bell Labs took an obsolete 
computer home and in their spare time 
wrote an operating system that would al- 
low them far more freedom to change 
and create new programs than their ex- 
isting system allowed. Brian Kernighan 
and Dennis Ritchie had an idea about 
creating a language that would allow 
them to write device drivers (programs to 
use and control the various hardware of 
the computer) in a more powerful lan- 
guage than assembly language, the de 
facto standard for device drivers. This 
was the basis for the first version of C. 

As they used C, and as the operating 
system they wrote, UNIX, became more 
popular, Kernighan and Ritchie wrote 
other programs in C including the C 
compiler itself (a process known as boot- 
strapping). Since they were writing the 
code for themselves as amusement, they 
quickly realized it would be useful to 
have a simple notation for common func- 
tions (for example, the notation for “add 
n to m” coded in C asm += nvs.a 
more traditional notation of m = m + 
n). 

As Kernighan and Ritchie found an 
increasing need for low-level functiona- 
lity, like the ability to shift register data 
about, they added the functionality of as- 
sembly language to C. The end result of 
this motley evolution is a language with a 
number of higher-level constructs. But it 
was still very much a low-level assembly 
language. 

Why is C so popular? Because the 
same motivations that Kernighan and 
Ritchie had when they created not only 
the C language but the UNIX operating 
system are shared by almost all program- 


mers: the desire for a powerful but suc- 
cinct language in which the programmer 
is free to instruct the computer to do 
anything (even if it is dangerous or 
illogical). 

Programmers with this desire tend to 
be those who enjoy teaching the com- 
puter how to solve problems. The other 
class of programmers, the nine-to-five 
professionals, shun C and rightly point 
out that it is very difficult to maintain, 


allows all sorts of grievous errors the pro- 
grammer has to track down, is hard to 
read and understand, and isn’t nearly as 
portable as it’s claimed to be. In fact, by 
the time C became a legitimate lan- 
guage, the designers cunningly decided 
that input, output, and a number of other 
functions (including math functions and 
various operating system entry points) 
wouldn’t be considered as part of the of- 
ficial language, and that C users were 
free to do what they wanted in those 
areas. 


Power for programs 
A different and fascinating development 
in the computer industry has been the 


creation of more powerful programs that 
ultimately become programming lan- 
guages. TECO is an editor on the DEC 
Tops-20 system that ended up with a 
macro language powerful enough to write 
amazingly complex games. In fact, even 
as an editor, TECO is an astoundingly 
complex system. The joke among people 
who use it is that you’re good when you 
can figure out what typing your name in 
command mode will do to your file. 

Another example of an interesting evo- 
lution is command-line interpreters. 
These originally started out as primitive 
interfaces to an operating system that al- 
lowed you to request a particular job to 
be run. Now the line between operating 
systems and languages hardly exists. 

REXX is a language first designed at 
an IBM lab in the United Kingdom as 
an interactive programming language. 
As the design grew, it incorporated more 
command-line functionality, and eventu- 
ally became a powerful combination of a 
language and an operating system. The 
C shell in UNIX is another example of 
this type of transition. It contains many 
of the complex programming features of 
the language it is modeled after. 

A parallel to this transition of operat- 
ing systems and languages is the gradual 
change of programming languages from 
compilers or interpreters to environments 
for the creation of programs. This evolu- 


tion has resulted in tightly coupled syn- 
tax-driven editors, compilers, linkers, and 
debugging systems and was foreshad- 
owed by the original interpretive LISP’s 
inclusion of commands to list a user’s 
files, save programs in files, and so on. 

Later, BASIC took this idea and ex- 
panded upon it. The BASIC environment 
became the operating system, editor, de- 
bugger, and programming language all in 
one. The Apple II was the first computer 
to have a major success with this 
concept. 


Tying together language threads 
So where does that development leave 
us? Before we try to answer that, let’s 
reexamine the various programming lan- 
guages while considering the conceptual 
threads that make them similar yet 
unique. We’ll call the three major 
threads that run through the history and 
evolution of programming languages the 
Move to Succinctness, General Structure 
Movement, and Move to Specialization. 

Move to Succinctness. This class of 
programming languages has always been 
plagued by the limited power of the AS- 
CII encoding system. ASCII was devel- 
oped to allow written English to be typed 
into a computer in a uniform manner 
and was extended to include common 
symbols such as the percent sign, aster- 
isk, etc. 

However, for a language like APL, 
ASCII isn’t powerful enough. With APL 
programmers need a special computer 
and a special keyboard with standard 
ASCII and the Greek character set. 
Forth is another language of this type. 
Although it avoids the use of a different 
character set, it is unreadable. 

The common thread of the languages 
in this smallest of the three classes is 


their attempt to bypass the awkwardness 
of instructions made up of combinations 
of symbols for thé power of individual 
symbols. These are the picture languages 
of the computer world. 

Generalized Structure Movement. This 
category of languages could perhaps be 
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labeled the “languages by committee” 
movement since the majority of lan- 
guages that fall into it are designed by a 
large group of people, each of whom in- 
clude their favorite features. 

An example of this class is Ada, which 
was originally formulated for program- 
ming real-time instrument control sys- 
tems. But by the time the various 
committees and advisory boards got 
through with it, Ada had nearly all the 
features of all the languages that preced- 
ed it. It seems that such a transformation 
has precedence among programmers. 

ALGOL-68 and PL/I are other exam- 
ples of languages that have barely sur- 


vived the move to extreme 
generalization. The common concept 
with these types of languages is that a 
programming language should be able to 
be utilized with a wide range of prob- 
lems, even if they are in entirely different 
disciplines. 

Move to Specialization. This is per- 
haps the most promising of the three 
threads for future development and is 
embodied by PROLOG. 

PROLOG is designed for the creation 
of rule-based systems, no more and no 
less. It has avoided the pressure to gener- 
alize and become another so-called artifi- 
cial intelligence language (like LISP, 
another generalized language), and in 
doing so offers a nice, succinct language. 

One precedent for this concept of lan- 
guage design is IAL, a language de- 
signed specifically for the uniform 
description of algorithms. IAL wasn’t 
complicated with input or output state- 
ments since the expression of algorithms 
is completely independent of how the 
computer is given the data and how it 
displays the results. 


Whai’s in store for languages? 
Now let’s consider the future of pro- 
gramming languages. We can see a num- 
ber of different directions in which 
designers are currently heading. Also, 
while three threads have been identified, 
efforts exist that don’t fit well into these 
categories. 
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The relevant question to ask at this 
point is “What is the goal of program- 
ming?” Programmers are still seeking 
that holy grail: to teach the computer 
how to do something useful and interest- 
ing. The easiest way to teach something 
is to have a language that allows simple 
description of a problem, the steps need- 
ed to solve it, and how to ascertain that 
it is indeed solved. In a programmatic 
sense, then, the ideal language is one 
that allows programmers to achieve these 
three steps. This is exactly the goal of the 
Move to Specialization—the idea that we 
need more powerful languages with 
richer vocabularies to help us solve pro- 
gramming problems. 

To consider an analogy, as our society 
has become increasingly complex, we 
have seen not only a strong trend toward 
the specialization of skills and knowledge 
but also languages. The motivation for 
creating specialized languages (jargon) is 
the need for a more concise, accurate 
way to describe concepts unique to indi- 
vidual fields. This need is no different 
from that of programming languages. 

Consider someone who speaks English 
without any specialized jargon trying to 
explain how to solve a complex problem 
to another person. Jt can be done but in 
a rather primitive fashion, with lots of 
confusion and a high rate of error. 

Furthermore, it is illustrative to see 
the restrictions that a number of large 
corporations are imposing on their Ada 
programmers. Briefly, they have realized 
that Ada is such a large language, so 
rich with functionality, that two pro- 
grammers could solve the same problem 
in different ways and not be able to un- 
derstand each other’s solution. The cor- 
porate solution is to legislate a subset of 
the language as the legal one to use. 


The use of metasymbols (symbols that 
convey ideas and concepts) is an interest- 
ing area for future development and 
might turn out to comprise the language 
of choice. Imagine being able to use a 
single symbol to represent your file sys- 
tem, moving that symbol to another sym- 
bol that represents a tape drive, and the 
system understanding it as a request for 
a file system backup. i 

The effects of multimedia systems on 
programming languages will prove to be 
significant as well—with programmers 
sketching solutions, having spoken error 
messages, and so on. 

Suffice to say we should see some in- 
teresting changes in programming lan- 
guages in the next few years. Some of 
these changes will represent harbingers 
of new concepts and ideas in the evolu- 
tion of programming languages, and 
some will inevitably represent temporary 
regressions to more primitive languages 
and systems. 

I’m looking forward to the day when a 
program can write articles like this one, 
but I suppose it would spend the money 
it earned and not let me have a single 
cent. Ah well. Maybe that program is 
something we can write in assembly 
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ER ieee tors ete ic he chore aie evchavscays Siateings oe ae New 795 CALL 
text editors 
Brief & dBrief Combo from Solution Systems ...... 275 CALL 
BEIGE. osctasotteracace loreccecletorstosnie, since nfdhe73- ac -» 195 CALL 
Brief Customizes Brief for dBASE Ill. . 3d 95 CALL 
de by David Livshin.........0.0555 as 75 65 
Epsilon Emacs-like editor by Lugaru . eeu aoe TAT, 
KEDIT by Mansfield Software ... 125 .98 
Micro/SPF by PHASER SYSTEMS . 175, : 139 
Microsoft Word .............-. 450 269 
PC/VI by Custom Software Systems . . 149 99 
SPF/PC by Command Technology Corp . . CALL CALL 
Vedit Plus by CompuView.........0.eeeereeeee 185 = 128 
turbo paseal utilities 
ALICE /nterpreter by Software Channels .......... 95 66 
AZATAR DOS Toolkit by AZATAR.......... New 95 85 
DOS/BIOS & Mouse Tools by Quinn-Curtis........ 75 67 
Flash-up by Software Bottling = 89 78 
Flash-up Developer's Toolbox 49 45 
MACH 2 for Turbo Pascal by Micro Hel, 69 55 
MetraByte D/A Tools by Quinn-Curtis . . 100 89 
Science & Engrg Tools by Quinn-Curtis . 75 67 
Screen Sculptor by Software Bottling . 125 91 
Speed Screen by Software Bottling 35 32 
System Builder by Royal American . 150 129 
IMPEX Query Utility.......... 100 89 
RenortiBuildety: ., 21. «\-:5:-f, 02030 it 1300 «115 
TDebugPLUS hy TurboPower Software ........... 60 49 
Tmark by Tangent Designs ...........+.. ve 80 69 
Turbo EXTENDER by TurboPower Software oH 85 64 
Turbo OPTIMIZER by TurboPower . 314 75 65 
with Source Code ............ te menel25) 98 
Turbo Professional by Sunny Hill> ae 70 45 
TurboHALO from /MS/ ......2..... 95 75 
TurboPower Utilities by TurboPower . . 95 78 
TurboRef by Gracon Services .............- 50 35 
TURBOsmith Source Debugger by Visual Age ...... 99 89 
Universal Graphics Library by Quinn-Curtis ........ 130 «1 
wendin products 
Operating System Toolbox .................... 99 79 
PCNX Operating system ... 99 79 
PCVMS Similar to VAX/VMS ... 99 79 
Wendin-DOS Multitasking DOS......... st 99 85 
Wendin-DOS Application Developer's Kit . at 99 85 
XTC Text Editor w/Pascal source .............-- 99 75 
xenix/unix products 
Btrieve /SAM File Mgr by SoftCraft 595 454 
C-terp by Gimpel, Specify compiler . >» »498 379 
c-tree /SAM Mgr by FairCom ....... ex sod0be S15) 
dBx with Library Source by Desktop Al...........- 550 419 
DIRECTORY SHELL 286 hy American Mgmt Sys . . 349 896295 


DIRECTORY SHELL 386 py Anerces Momtsys. ‘New 495 415 


DOSIX Console Version by Data Basics . 
DOSIX User Version by Data Basics . Saas 
Lugaru ext Fditor by Epsilon .............. New 195 1 
Micro Focus Products See Micro Focus Section 

Microport Products See Microport Section 

Microsoft Products See Microsoft Section 


PANEL Plus by Roundhill Computer Systems ....... 795 535 
REAL-TOOLS Binary Version by PCT....... a 99 89 
Library Source Version ........ a6 ER) 
Complete Source Version .... 999 729 
RM/COBOL hy Ayan-McFarland . 1250 949 
RM/FORTRAN by Ayan-McFarland . 750 549 


SCO Products See SCO Section 
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ryptography, 
random num- 
bers, and cellu- 
lar automatons 
are three entirely different sections of the 
mathematical world that developed to ex- 
plain three different basic problems. 
Codes, ciphers, and other cryptographic 
ideas scramble information so it cannot 
be easily discovered, random number 
generators mimic the even distribution of 
coins, and cellular automatons are math- 
ematical machines that can model turbu- 
lence, snowflake growth, and other 
physical phenomena. 

The problems are all different, but 
since each of the solutions produces pat- 
ternless results, a combination could 
have an intriguing outcome. A good set 
of random numbers can encrypt mes- 
sages very efficiently because the pat- 
ternless stream of numbers hides the 
meaning of the text. Also, the turbulent 
and chaotic properties of cellular au- 
tomatons can be tamed and harnessed to 
create random numbers. 

Given these two connections, it makes 
good sense to complete the triangle and 
create an encryption system using a tur- 
bulent cellular automaton as a random 
number generator. 

The oldest side of this triangle joins 
cryptography and random numbers. 
From before World War II, random 
numbers schemes were used in crypto- 
graphic systems because they provide a 
long and apparently patternless sequence 
of numbers from a short initial key. The 
German cipher machine Enigma used 
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ryption 
System 


By Peter Wayner 


during World War II was essentially an 
analog computer designed to generate 
random numbers through a system of ro- 
tating wheels and cogs. The soldiers. 
changed the key by moving pins that var- 
ied the patterns. 

On the other side of the war, the Al- 
lied forces created a system to generate 
random electric noise, recorded this noise 
on wax cylinders, and scrambled radio 
communications by mixing the seemingly 
random noise with the voice transmis- 
sion. The soldiers in the field needed an 
imprint of the same cylinder to under- 
stand the message. 

Random number encryption works by 
simulating a perfect code system as 
closely as possible. The ideal system used 
for the most sensitive information is a 
one-time pad consisting of a patternless 
list of numbers discarded after one use. 
Each of the numbers encodes the mes- 
sage by an easily reversable transforma- 
tion such as a bit-wise XOR or a simple 
translation of x units in an alphabet. 

The one-time pads are generated by 
some means, perhaps a noisy electronic 
circuit, and then distributed physically. 
Since each list or key is never reused, the 
lack of any repetition makes it theoreti- 
cally impossible to break the code. Any 
encoded message could be decoded to 
have any possible meaning by construct- 
ing the one-time pad that could have 
produced it. 

While this approach makes the mes- 
sage very secure, it also requires storage 
space and safe transportation. Both the 
sender and the receiver must have copies 
of the same list of numbers with a length 
at least-as great as the total amount of 
information sent. While the system is 
more secure, it is also unwieldly when 


the volume is large or the data is stored 
in a computer because every file must 
have a key file of the same size. 


Random number generators 
Long ago, people recognized random 
number generators as an effective substi- 
tute for a one-time pad. Since the gener- 
ators work by producing a long string of 
seemingly patternless numbers, the short 
seed that starts the generator can replace 
a long one-time pad as the key. Thus 
random number generators are easy to 
use for day-to-day encoding of large 
amounts of data for transmittal and ma- 
chine storage. 

Unfortunately, every generator is only 
a mathematical machine producing a 
pattern that seems random, and the un- 


derlying mechanism makes each result 


far from patternless. The Allied forces 
won many battles in World War II after 
they discovered the pattern in the ran- 
dom numbers produced by the cogs in 
the German army’s Enigma system. 
Many people consider this assault by a 
team of mathematicians the most impor- 
tant victory in the war. 

Breaking any random number code is 
as easy as discovering the mechanism of 
the mathematical machine and determin- 
ing the initial settings that make up the 
key. Since this code works best in high- 
volume applications, it is wise for anyone 
using the code to assume that all of the 
security lies in hiding the key because an 
adversary will probably be able to discov- 
er the mechanism. In most cases the al- 
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gorithm is found by purchasing another 
copy of the program or simply stealing it. 
In the past, the Federal Bureau of Inves- 
tigation often broke into foreign embas- 
sies to steal their cryptographic systems 
if our cryptographers had trouble break- 
ing the code. 

(James Bamford’s The Puzzle Palace 
is a good reference for more on the Na- 
tional Security Agency and the U.S. gov- 
ernment’s cryptographic operations.) 


40 REM 
20 REM A quick random number coding device 
30 REM 
_ 40 INPUT “File to be coded:”;C$ 
50 INPUT “File for output:”;D$ 
60 OPEN C$ FOR INPUT AS #14 
70 OPEN D$ FOR OUTPUT AS #2 
80 INPUT “Key:”;K 
90 RANDOMIZE K 
400 INPUT “Encode or Decode” ;A$ 
110 AS=LEFT$(A$, 1) 
120 IF A$=“E" OR A$=“e” THEN A=1: GOTO 180 
430 IF A$=“D" OR A$=“d" THEN A=-1 ELSE 100 
440 REM 


It also makes good sense to assume the 
enemy will be able to find some plain 
text and the corresponding cipher text 
and use these texts to discover the key - 
for the entire set of data. Knowing that a 
file is a letter can give a code breaker 
enough information to crack some sys- 
tems, for instance, since letters often 
start with the same return address. Con- 
sequently, most cryptographic systems 
are analyzed assuming that anyone 


150 REM This is the Q$, set up for text files. R is the length 
160 REM R1 is the length minus 1 computed now to save repeated calculation 


4170 REM 


180 Q$="ABCDEFGHI JKLMNOPQRSTUVWXYZabcdefghi jklmnoparstuvwxyz” 


190 Q$=0$+" 1234567890 !@#$%«&*()-=-+[]}}; =") 


280 IF L=0 THEN Y$=x$: GOTO 410 ~ 
290 REM 

300 REM Find a random number 

310 REM 

320 GOSUB 440 

330 Zh=INT(R*Q/256) 

340 T=L+(A*Z%) 

350 REM 


360 REM Adjust the parameters to be between 1 and r 


370 REM 
_ 380 IF T(=0 THEN T=T+R1 
390 IF T)=R THEN T=T-R1 
_ 400 Y$=MID$(0$.T, 41) 
440 PRINT 42,Y$: 
_ 420 PRINT X$,X,Y$,7 
— 430 GOTO 250 
_ 440 REM : 


_ 450 REM Random number generator section. Output a value between 0-255 in Q 


_ 460 REM 

_ 470 Q=INT(256*RND) 
_ 480 RETURN 

_ 490 CLOSE #1, #2 
500 END 


Listing 1. 
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breaking the code will have the method 
of encryption as well as samples of text 
and their encrypted counterparts. The 
trick is to make this difficult. 

Many new codes, such as the public 
key systems and random number gener- 
ators proposed by Manuel Blum and Sil- 
vio Micali (see references), rely on using 
a pattern that would take years of com- 
puter time to solve. Unfortunately, these 
algorithms often are too slow to use for 
applications requiring moderate security 
and regular use. 

Listing 1, written in IBM BASIC, is 
an example of how to encrypt files quick- 
ly using the internal random number 
generator included with the language. It 
opens a file, reads the characters one by 
one, and tries to locate them in Q§. If 
the characters are found, then the ran- 
dom number is used to choose the ci- 
phered letter. 

In this case, the program takes the let- 
ter in position z and uses the key x to 
transpose it x characters over in Q$. 
(Popular mythology contends that HAL, 
the name of the computer in the movie 
2001: A Space Odyssey, was a cipher of 
IBM using a translation cipher of the 
regular alphabet as Q$ and -1 as x.) If 
the characters aren’t found, they are 
printed into the file unchanged. 

For example, if the computer were to 
encrypt the letter T, it would convert the 
letter to the number 20 by finding its lo- 
cation in Q$ and asking the random 
number generator for a value between 0 
and R, the length of Q$. Using R as the 
limit gives T an equal chance of being 
coded into any letter of Q$ when the 
random number z% is added or sub- 
tracted. If the random number turned 
out to be 80, then T would equal 100, 
which is greater than 93, the length of 
Q§. Since there is no 100th character in 
Q$, the program wraps the value around 
by subtracting 92. T is now 8 and the 
letter H is printed in the closing file. 

Limiting Q$ to simple alphanumeric 
characters is a good practice for encrypt- 
ing large text files because it prevents a 
large number of control characters from 
being generated. If the message is known 
to contain only letters and numbers, then 
the pattern of cipher text reveals some of 


the pattern of the random number 
generator. 

For example, if Q$ contained all 256 
ASCII characters with the letters in po- 
sitions 1 through 52 (O$= “ABC...”) and 
the file contains mainly text, an encrypt- 
ed value of 126 is probably generated 
with a key of value from 74 to-125. This 
still leaves a great deal of possibilities 
but makes it that much easier to find the 
generator pattern given a large file 
known to be text. For files where differ- 
ent characters are regularly used, such as 
spreadsheets or assembly programs, a 
different Q$ made up of these characters 
should be chosen. 

Unfortunately, cracking the random 
number generator used by most ma- 
chines is relatively easy. The most popu- 
lar method implemented on machines to 
generate numbers uses an equation 
x(t +1)=ax(t) +6, where x(t) is the se- 
quence of random numbers and a and 6b 
are constants chosen to give a good dis- 
tribution of values. 

This method works quickly and is easy 
to implement, but the linear relation 
makes it easy to find the a and 6 to 
break the code. If a portion of the mes- 
sage can be guessed, the system of linear 
equations is easy to unravel. These seri- 
ous inadequacies can be avoided by using 
cellular automatons to generate the ran- 
dom numbers. \ 


. Cellular automatons and beyond 
The second side of the triangle joining 
cellular automatons and random num- 
bers is newer; in fact, findings have just 
been’published by Steven Wolfram (see 
references), a mathematician at the In- 
stitute for Advanced Studies in Prince- 
ton, N.J. 

The world of cellular automatons be- 
gan in the 1940s when John von Neu- 
mann, also of the Institute for Advanced 
Studies, started to explore the math- 
ematics of a set of very simple machines. 
These theoretical.gadgets were composed 
of a geometric pattern of cells that 
change their state at each tick of a clock 


according to some fixed rule. This re- 
search led to many discoveries, including 
a self-reproducing machine and a rule 
that allowed an automaton to act as a- 
basic computer. Since the theoretical ma- 
chines are inherently parallel and cheap 
to construct in silicon, it is possible that 
some complex version will be the basis 
for new parallel computers. 

One of the more famous of these ver- 
sions was the game of Life, developed by 
John Conway to model real organisms. It 
consisted of a two-dimensional array of 
squares with two states: empty space or 
living cell. Each square had eight neigh- 
bors. The rule that governed the changes 
in the cells approximated life on the level 
of simple reproducing cells. If a live cell 
had two or three neighbors, it would live 
happily, but if it had more or less than 
this, it would die from the mathematical 
equivalent of overcrowding or starvation. 
New cells would be born into empty 
spaces if the spaces had exactly three live 
neighbors. 

This one simple rule generates incredi- 
bly complex patterns. Not only have peo- 
ple designed arrangements known as 
gliders that fly across the screen, but 
some have actually developed a huge set 
of gliders and glider generators that can 
add and compare two numbers. These 
two simple steps make the machine theo- 
retically as powerful as any computer. 

These complex_results from simple 
rules make the realm of cellular automa- 
tons very interesting. Many people have 
experimented with applying them in 
physics, chemistry, and biology. 

Wolfram has been at the forefront of 
most of this research. He produced inter- 
esting results from the one-dimensional 
arrangements of cells. These have the 
advantage of being easily designed into 
hardware or implemented on new paral- 
lel machines in development. One of 
Wolfram’s more successful applications 
is a new rule governing the births and 
deaths or changes of state that can gen- 
erate random numbers. Joining this pro- 
cedure with that in Listing 1 completes 
the triangle and finishes the code. 

The automaton developed by Wolfram 
consists of a one-dimensional circular ar- 
ray of w cells that change according to 
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the rule a(x,t)=a(x—1,t—1) XOR 
(a(x,t—1) OR a(x+1,t—1)) MOD k, 
where x denotes the position and ¢ the 
time. Each of the cells is filled with one 
of the k integers from 0 to k—/, giving 
it k states. Wolfram found that the string 
of bits occupying the 0 position 
(a(0,1),a(0,2),a(0,3)...) forms a random 
sequence that passes all statistical tests, 
in some cases with better marks than 
standard systems. 

Intially I will use k=2 to illustrate the 
properties, and then switch to k=256 for 
the program. The array will be presumed 
to be circular; that is, the 0 position is 
adjacent to the w—1 position. Additional 
variations can be tried by modifying the 
topology of the system to have a fixed 
boundary without wraparound or per- 
haps by arranging a feedback rule where 
the cell in position 2 affects the cell in 
position 0. 

This particular rule has several impor- 
tant facts that should be noted. First of 
all, it is nonlinear, so simple algebra can- 
not be used to analyze the system, its 
evolution, or the patterns produced. If 
the rule were linear, the change over 
time could be calculated quickly by su- 
perposition of the basic pattern of evolu- 
tion of one cell. In this case, there is no 
apparent way of describing the array at 
time ¢ without actually loading the initial 
conditions and going through the ¢ steps. 

Second, not every one of the k**w 
possible arrangements of the array has a 
predecessor that generates it. These spe- 
cial states are often called Garden of 
Eden states, and an automaton can only 
be in one is if it is initially set to it. 
Mathematically, this means the rule is 
neither a one-to-one mapping nor an onto 
mapping of the set of arrays into itself. 
This fact changes the entire structure of 
the automatons’ evolution from different 
initial conditions. 

If no Garden of Eden states existed, 
then the set of all possible arrangements 
would form cycles along which the au- 
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' 40 REM 
_ 20 REM A cellular automaton machine 
_ 30 REM 
40 DEFINT A-Z 
50 W=60 
_ 60 DIM R(256) 
_ 70 DIM A(1000,2) 
80 Y=1.Y1=0 
90 INPUT “Key:”;K$ 
_ 100 REM 
110 REM Place the key in array by converting it to ASCII code 
120 REM 
430 FOR X=1 10 LEN(K$) 
140 HS=MID$(K$,X,1) 
150 A(X, Y1)=ASC(H$) 
460 NEXT X % 
170 REM 
480 REM Main section of the program 
190 REM 
200 REM Begin by getting a random number between 0 and 255 
210 REM 
220 GOSUB 550 
230 R(Q)=R(Q)+1 
240 REM 
250 REM Print out the array 
260 REM 
270 FOR X=0 TO W+4 
280 Z=A(X,Y1) 
290 IF Z(32 THEN Z=32 
300 PRINT CHRS$(Z); 
310 NEXT X 
320 PRINT 
330 REM 
340 REM Print out the statistics if a key is touched 
350 REM 
360 AS=INKEY$ 
370 IF A$="" THEN 200 A 
380 REM First the individual occurences 
390 E#=0! 
400 FOR X=0 T0 255 
410 E#=E#+R(X) 
420 PRINT CHRS(X);R(X), 
430 NEXT X 
440 E1#=E#/256! 
450 Q#=0! 
460 REM Next calculate the chi-squared and print it out 
470 FOR X=0 10 255 
480 Q#=Q#+ABS(R(X)-E1#) «<2 
490 NEXT X 
- 500 PRINT “Difference:"”;Q# 
§10 PRINT 
520 PRINT “Difference per time step:” ;Q#/E# 
940 GOTO 220 
550 REM 
- $60 REM Random number subroutine. Updates cells and outputs 0 
$70 REM 
_ 980 FOR X=1 TO W 
590 A(X, Y)=A(X-1,¥4) XOR (A(X, Y1) OR A(X+1,¥1)) 
600 NEXT X ; 
610 REM Complete the circle by updating the ends 
620 A(O.Y)=A(W+1,¥1) XOR (A(O,Y1) OR A(4,¥4)) 
_ 630 A(W+1,Y)=A(W,Y1) XOR (A(H+1,¥1) OR A(O,Y1)) 
640 O=A(0,Y) 
650 K=Y:¥=¥1:¥ 15K 
_ 660 RETURN 


Listing 2. 
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tomaton would evolve. In the case of this 
random automaton, however, the Garden 
of Eden states act as the tips of branches 
that lead to the cycles. Figure 1 illus- 

trates the structure of a five-cell circular 
array that evolves according to this rule. 

This branching is both good and bad. 
A simple cycle is easy to understand but 
also easy to follow backward. The 
branching complicates the entire process 
by assuring that each state might have 
been generated from a variety of differ- 
ent patterns. Since we will be interested 
in keeping things difficult to break, this 
is a benefit. 

The second program (Listing 2) simu- 
lates the Wolfram random CA and gen- 
erates a random sequence of numbers 
from 0 to 255 by pulling off the first val- 
ue in the array at every step. In this case, 
k=256 and the cells can run from 0 to 
255, with the rule performed on their bi- 
nary representations. It is the same as 
running eight binary cell automatons in 
parallel. The initial condition is placed in 
the array by taking a string of ASCII 
characters, converting them into their 
numerical equivalents, and placing these 
numbers in the positions. 

Once the key is converted into values, 
the program runs the automaton through 
each step and prints the new states of the 
cells. It repeats this step until a key on 
the keyboard is pressed and then prints 
the statistical difference between the reg- 
isters and the expected probability distri- 
bution. The test is a chi-squared measure 
of randomness, and the lower the number 
the better. 

By experimenting with various initial 
conditions, it is easy to see how the one 
big automaton is really composed of 
eight simple ones. If the beginning condi- 
tions do not contain an entry that sets a 
bit to one, then that one automaton will 
stay set to zero. For example, if no char- 
acters with ASCII values over 64 are in- 
put, the automaton made up of the most 
significant bits of the array will be zero 
throughout and no characters with a val- 
ue over 64. This is because 0 XOR (0 
OR 0) is equivalent to zero. 

Listing 2 is set up in two parts. The 
first is the main section, which prints the 
states of each cell on the screen, tabu- 
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lates the occurrence of states in position 
0, and calculates the deviation from a 
statistical norm. The subroutine actually 
updates the cells and is set up to be in- 
serted into Listing 1 to yield a cellular 
automatons cipher system. Listing 2 
makes it easy to both visually and math- 
ematically check that each key creates a 
random enough pattern. 

For example, a string of w identical 
characters makes a bad key since the 
cells all turn to state zero immediately. 
The statistical test is chi-squared—a test 
in which the actual occurrences of a 
character are subtracted from the statis- 
tically expected ones and the difference 
is squared. These values are summed to 
give the total value printed after a key is 
pressed. The smaller the number the 
better. 

To test the effectiveness of the pro- 
gram as a generator, the chi-squared test 
was run on a cellular automatons after 
20,000 steps. A variety of different 
widths were chosen and the results are 
shown in Table 1. 

Several interesting facts should be not- 
ed. While the accuracy for the smaller 
widths isn’t very good and seems to vary 
with no consistent pattern, the larger 
widths are all similar. Although the test 
values are not as good as the regular 
IBM generator, the larger widths com- 
pare quite favorably. The difference is 
not too great, and for this application it 
is negligible. We are concerned with peo- 
ple discovering the pattern and breaking 
the code, not specifically with a perfect 
distribution. 


Completing the triangle 
The final side of the triangle joining cel- 
lular automatons, cryptography, and ran- 
dom numbers can now be completed by 
substituting the Wolfram generator in 
Listing 3 as the subroutine for Listing 2. 
The result is not only a novel code but 
one that seems to be much more secure. 
For the code to be broken, a set of Bool- 
ean—rather than algebraic—equations 
must be solved. This may not or may not 


be as difficult as factoring large primes 
(a computationally hard problem used to 
guard the security of the Rivest, Shamir, 
Adleman public key system), but it is not 
easy either. Since the rule is not linear 
and in some cases two different states 
can lead to.the same result, cracking the 
code is much more complicated. 

Solving arbitrary Boolean expressions 
requires computer time exponentially re- 
lated to the size of the expression. Find- 
ing the key from a string of values 
outputted by the automaton is essentially 
the same as solving a specific case of 
Boolean expressions. Wolfram proposes 
that this case is as difficult as the gener- 
al instance, but that remains to be prov- 
en. It is quite possible that some hidden 
pattern in the automatons actions-can be 
exploited. 

I have experimented with various 
methods to break the code and have not 
found any to be particularly fruitful. One 
of the fastest ways might be to store all 
possible states in memory and search for 
the pattern in them. The processor would 
be freed from recalculating the automa- 
ton states and could quickly page 
through memory. This is a brute force 
technique requiring vast arrays of mem- 
ory, so fortunately it can easily be de- 
fended against by using a wider array for 
the automaton. If the width is 30, a bil- 
lion bits are needed to store all possible 
permutations, which is about the capac- 
ity of the largest memory bank in exis- 
tence. So as long as widths wider than 30 
are used, this system should require long 
and tedious computations to break. 

Another advantage to using the Wol- 
fram system is that it encrypts and de- 
crypts quickly. The program using 
cellular automatons runs slower than the 
first program because the BASIC ran- 
dom number generator is coded in 8086 
assembler. The entire program could be 
converted to assembly language and run 
very quickly since the Boolean operations 
are calculated faster than multiplication. 
It would also be quite easy to build a ver- 
sion of the generator on a chip, and Wol- 
fram estimates that this will be fast 
enough to scramble microwaves in real 
time. This feat would be impressive. Cur- 


rent wave form scramblers use electronic 
pseudorandom generators to render voice 
transmissions unintelligible. 

Many variations of the cellular au- 
tomaton are left to be explored. Different 
tules yield different patterns, different 
results, and possibly even more security. 
Some rules produce very regular results, 
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Width . Difference — 
5 18217190 — 
6 20929524 
7 6196842 — 
8 25034938 | 
9 3866138 
10 9618740 — 
11 102566 | 
12 263652 
13 673428 
14 38256 
15 43624 | 
16 141406 
\7 821544 
18 325602 
19 289111 
20 DS5485 ae 
21 20650 
22 103522 5 
23 22380" 4 
24 24382 
25 20106 
26 19078 
DF 20792 
28 20884 
29 — 19116 
30 18192 — 
35 19760 
40 18690 
45 17786 
50 20508 
55 20836 
60 : 18984 
65 21030 
70 
80 
90 
100 

200 
400 
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40 REM 
20 REM A cellular automaton coding machine 
30 REM 
40 DEFINT A-Z 
50 W=30 
60 DIM R(256) 
70 DIM A(1000,2) 
80 Y=1:Y1=0 
90 INPUT “Key:”:K$ 
400 REM 
410 REM Place the key in array by converting it to ASCII code 
120 REM 
430 FOR X=1 TO LEN(K$) 
440 H$=MID$(K$,X,1) 
150 A(X, Y1)=ASC(H$) 
160 NEXT X : 
470 INPUT “File to be coded:” ;C$ 
480 INPUT “File for output:” ;D$ 
4190 OPEN C$ FOR INPUT AS #4 
200 OPEN D$ FOR OUTPUT AS #2 
210 INPUT “Encode or Decode”; A$ 
220 A$=LEFT$(A$, 1) 
230 IF A$="E” OR A$=“e” THEN A=1: GOTO 300 
240 IF A$=“D" OR A$=“d" THEN A=-1 ELSE 210 
250 REM : 
260 REM This is the Q$, set up for text files. R is the length 
270 REM r4 is the length minus 1 computed now 
280 REM to save repeated calculations 
290 REM 
300 Q$="ABCDEFGHI JKLMNOPQRSTUVWXYZabcdefghi jkimnopgrstuvwxyz” 
310 0$=0$+" 1234567890! @#$%«8*()-=-+[]{};: EM 
420 REM Find a random number 
430 REM 
440 GOSUB 580 
450 2%=INT(R*0/256) 
460 T=L+(A*Z%) 
470 REM : 
480 REM Adjust the parameters to be between 1 and r 
490 REM 
500 IF T(=0 THEN T=T+R1 
510 IF T)=R THEN T=T-R1 
520 Y$=MID$(Q$,T, 1) 
530 PRINT #2,Y$; 
540 PRINT X$,L,¥$,T 
550 GOTO 370 
560 CLOSE #1, #2 
570 END 
$80 REM 
590 REM Random number subroutine. Updates cells and outputs Q 
600 REM 
610 FOR X=1 TO W 
620 A(X, Y)=A(X-1, 1) XOR (A(X.¥1) OR A(X+4,¥1)) 
630 NEXT X : 
_ 640 REM Complete the circle by updating the ends 
_ 650 A(O,Y)=A(W+1,¥1) XOR (A(0,¥1) OR A(1,¥1)) 
— 660 A(W+1,Y)=A(W,Y1) XOR (A(W+1,Y1) OR A(O,¥1)) 
_ 670 Q=A(0,Y) 
_ 680 K=Y:Y=¥1: 112K 
_ 690 RETURN 


Listing 3. 
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while others generate utter chaos. To 
date, experiment seems to be the only 
way to tell the difference. For cryptogra- 
phy, the best system would have several 
different chaotic rules selected at ran- 
dom by the user as part of the key. This 
would confound any code breaker and 
add little to the overall size of the key. 

Now the triangle is complete. The 
cryptographic system is built and can be 
put to use. It is quick, easy, and secure. 
It is probably not as difficult to break as 
many public key systems, but it is not as 
slow to encrypt. 

Of course, if this random number gen- 
erator gains widespread application, 
someone may discover clever ways of at- 
tacking the solution. The National Secu- 
rity Agency has probably devoted some 
of its mathematicians to the task. 

No code is unbreakable. The best 
practice is to change rules, systems, and 
keys frequently. The Wolfram random 
number generator gives another variation 
that is simple while relatively difficult to 


break. | 
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SIC preprocessors” 

# i (COMPUTER 
LANGUAGE, June 1986, pp. 77-80), I 
discussed two BASIC preprocessors that 
aré extensions of BASIC and allow more 
structure and versatility from the BASIC 
and BASICA supplied with MS-DOS 
and PC-DOS. The BASIC market has 
changed considerably since I wrote that 
column, particularly with the introduc- 
tion of Microsoft Corp.’s QuickBASIC 
and Borland International’s Turbo 
BASIC. 

In addition, older BASIC versions 
have been steadily improving. Summit 
Software’s Better BASIC (once one of 
my favorite versions of BASIC) and True 
BASIC’s True BASIC are still used by 
many programmers. These products give 
BASIC programmers faster, more flexi- 
~ ble tools to work with. BASIC program- 
mers can no longer be looked down upon 
and ridiculed for using an underpowered, 
simple language. 

Recently I received a diskette contain- 
ing a BASIC preprocessor. I was some- 
what surprised because it doesn’t seem 
worth the effort to use a preprocessor 
when commercial products that can do 
without them are available for less than 
$100, and no preprocessor can match the 
power and speed of the new BASICs. 
However, for those on a tight budget or 
simply exploring BASIC, a preprocessor 
could be very useful, especially if it is 
public domain. 

The preprocessor I received is in circu- 
lation on several bulletin boards. I even 
noticed a short blurb on the software 
from a press release published in 
Infoworld. Written by Dennis Baer, 
Structured Programming Language 
(SPL) is available through the sources 
listed on page 77. Baer requests a dona- 
tion of between $50 and $100 if regis- 
tered ownership is sought. 

In the documentation, SPL is de- 
scribed as a new language, not a BASIC 
preprocessor, although it changes SPL 
code to BASIC code. BASIC is men- 
tioned in the manual so infrequently that 
a novice may get the impression that 
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SPL and SeekEasy 


By Tim Parker 


SPL is a new language rather than a 
form of BASIC. 

The manual mentions that SPL works 
with the newest BASIC compilers. Es-° 
sentially, SPL has nothing the new com- 
pilers don’t have and lacks many of the 
newer BASIC. products’ features. Howev- 
er, it is useful as an add-on product for 
generic BASIC and BASICA. 

SPL programs can be written with 
editors that produce ASCII code. SPL is 
not a line-number-controlled preproces- 
sor and allows white space and structur- 
ing for visually neat code. SPL also 
supports a procedural construct. After 
the code has been written with an editor, 
the preprocessor is invoked to convert the 
ASCII code to legitimate BASIC code. 

SPL is like Pascal in its organization, 
following many of the same conventions 
such as semicolons at the end of lines. In 
SPL, you must define all variables before 
beginning to program, using the REAL, 
REAL ARRAY, INTEGER, INTEGER 
ARRAY, STRING, and STRING AR- 
RAY types followed by a list of the vari- 
ables of those types. (An array is a ma- 
trix whose size must be defined in the 
declaration and can be of one or more di- 
mensions. Dynamic array definition is 
not allowed.) No logical variable type is 
supported, nor are double (extended) 
precision numbers. To achieve double 
precision, the produced BASIC code 
definition lines must be changed. 

Variables follow the global and local 
constructs of most structured languages: 
if a variable is defined inside a BEGIN 
/END block or procedure, it is only ac- 
cessible within that block or procedure. 
Variables are assigned with the semi- 
colon/equal sign (:=) symbol used in 
Pascal. Variable names are significant to 
40 characters. 

A procedure is defined with its name 
and a parameter list and terminated with 
END. Variables passed to a procedure 
must be scalars, so any array that passes 
its values to a procedure must do so by 
redefining the array elements as different 
scalar variables. Procedures can be re- 
cursively called. CALL is not usually 
used for procedures but for the procedure 
name itself. 

A BEGIN/END construct delineates 
logic blocks within code sections and for 
the program itself. The construct func- 


tions similar to the way it is used in Pas- 
cal but without a semicolon after END. 

A GOTO or GO statement is support- 
ed to a named label, and an error-trap- 
ping statement, such as 
ONERRGOTOT, recovers a program if 
it crashes. A RETURN statement exits a 
code fragment and returns the execution 
to the calling command statement. 

I/O is performed as in BASIC, with 
the INPUT and OUTPUT commands 
virtually unchanged, except for an at 
sign (@) instead of a semicolon as a sep- 
arator. A LINEIN statement is used to 
read from files or other input sources and 
devices. The GET and PUT statements 
have the same functions in SPL as in 
BASIC, An EOT command prompts a 
DOS file name. 

Logic control is handled with several 
commands. The FOR command can have 
STEP and UNTIL arguments but no 
NEXT arguments. Instead, a 
BEGIN/ELSE construct defines the 
code to be executed. A standard 
IF/THEN/ELSE construct is available, 
with BEGIN/END blocks used for com- 
mands within each section. A WHILE 
command and a REPEAT UNTIL struc- 
ture round out the command constructs. 

The SPL system will not allow nesting 
greater than 10 levels. Logical operators 
include AND, OR, NOT, XOR, IMP 
(logical implication), and EQV (logical 
equivalence). An SPL program is termi- 
nated with'a DOS command instead of 
SYSTEM. A STOP command halts 
execution. 

SPL is supplied as two .EXE files and 
a documentation file. Several sample 
files may be included in some archive li- 
braries. The documentation is about 50 
pages long and is designed as a reference 
list of SPL commands. The manual 
seems to be the result of a large number 
of block copies since most of the text is 
similar. Examples are provided for all 
commands. 

Although the documentation is ade- 
quate, it could be greatly improved,with 
more detail. An appendix that summa- 
rizes SPL’s enhancements to BASIC for 
the experienced programmer would be 
useful, as would a general description of 
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the product. 

SPL performed as the documentation 
claimed it would. Although it is not a 
blindingly fast preprocessor, it produced 
normal BASIC code in a reasonable 
amount of time. However, the 10-level 
nesting limitation caused program crash- 
es on several occasions. Ten levels sounds 
like a lot, but they are quickly used up 
when procedures are called. 

In summary, SPL is as good a BASIC 
preprocessor as any other. Not once did 
it cause problems in execution, other 
than producing some error messages for 
the hybrid syntax it uses. But it annoyed 
me to have to reedit, execute the pre- 
processor, and then either run the inter- 
pretor or compiler to trap bugs. This was 
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not a fast process, even on an 80286. | 
suppose what really bothers me about 
SPL is that programmers are expected to 
pay $50-$100 (if the product is regis- 
tered) for a preprocessor when a far 
more powerful BASIC compiler can be 
acquired for the same cost. 
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tant for one of the larger minicomputer 
manufacturers a couple of years ago, 
words-in-text retrieval was popular. This 
term referred to the ability to put a con- 
siderable amount of text on a minicom- 
puter’s disks (such as several dozen 
manuals) and to display, with a few sim- 
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ple commands, all references and con- 
texts of a character string. Although 
these functions are now fairly routine for 
larger systems, there have been few suc- 
cessful microcomputer implementations. 
A company called Correlation Systems 


recently released a product called Seek- 


Easy to the shareware world (a $30 do- 
nation is requested). SeekEasy scans files 
and reports matches and close matches 
to a character string, listed in order of 
match quality (exact first, followed by 
similar matches). 

SeekEasy’s algorithms seem to be very 
good: in a test of the PC-SIG data file 
for “TREK,” it hauled out matches that 
were distantly related, sometimes not 
even containing my keywords. Although 
this may seem undesirable at first (the 
resulting list of matches may not have 
anything to do with your search string), 
it allows a lot of retrieval flexibility. 

SeekEasy requires about 75K of RAM 
and works with data files up to 4MB. 
The SeekEasy system contains several 
files and programs. The .EXE file is ac- 
companied by two test data files, one 
with quotations and interesting com- 
ments and the other a condensed PC- 
SIG catalogue with disk names and 
contents. Two additional programs for 
converting files into and out of Seek- 
Easy format are included. Finally, a 
short documentation file is provided, 
with brief instructions for getting 
started. 

Since the manual is supplied only as a 
small documentation file, experimenta- 
tion is the best way to learn SeekEasy. 
The file to be used for reference is speci- 
fied as an argument to the program 
name, then a screen of information is 
displayed. Movement through the few 
menus, displayed as a few lines of text 
about two-thirds of the way down the 
screen, is attained through double hits of 
the escape key or control sequences, a 
process I quickly got used to. 

While in SeekEasy, information can be 
added to the file being used and searches 
can be conducted on any type of string 
and produce results. A list command al- 
lows you to dump the contents of a data 
file or results of a search to screen or 
printer. 

Matches with search commands are 
displayed one screen at a time, according 
to the accuracy of the matches. 
SeekEasy never missed matches that 
were identical and grabbed all the close 
ones with no problem. The program was 
very fast with a 40K data file on my test 
machine. : 

The SeekEasy conversion routines con- 
vert an ASCII file into SeekEasy’s for- 
mat and vice versa. SeekEasy runs on 
these specially formatted files only. The 


conversion program filters high bits, so 
WordStar and similar files can be run 
through the conversion with little prob- 
lem. SeekEasy expects a two-line limit 
for items in its files. Thus, a straight-text 
file will cause problems but a list-type 
file (such as phone numbers, indexes, 
and the like) is ideal. 

Another program converts a SeekEasy 
format file to ASCII and can be used to 
reconvert a converted file that has been 
modified from inside SeekEasy or to con- 
vert a file that has been built while in- 
side SeekEasy. I tested the system by 
converting a lengthy index from a techni- 
cal book originally written in WordStar 
and later converted to Word Perfect. It 
read in with no problems at all. (If prob- 
lems are encountered, SeekEasy points 
out'the problem lines and allows graceful 
recovery.) 

The searching tests produced all the 
expected key references and some that 
made sense only on reflection. Some re- 
ferences were displayed that did not 
seem appropriate, but I would rather get 
strange connections than miss important 
ones. 

As a case in point, I converted a 
dBASE III file containing a list of all my 
reference articles, books, and papers to 
ASCII (using a simple ALTERNATE 
file name). While a search through the 
dBASE system for all occurrences of 
APL required the use of keywords in 
fields, SeekEasy accepted a condensed 
file containing only the comments and 
keywords on a couple of lines in unstruc- 
tured format and produced all references 
to APL in a fraction of the time. Seek- 
Easy also pulled out references to things 
like PAL chips, Apple computers, and 
some strange relationships (how Clocksin 
and Mellish relate to APL I haven’t yet 
figured out). 

SeekEasy is one of those products that 
may seem unimportant until you need it. 
Over the past few weeks it has greatly 
eased my tasks of building reference 
manual indexes and tables of contents 
and searching random notes from my 
data bases. 

Furthermore, with SeekEasy I have 
built up reference files of my computer- 
related material and my record, tape, 
and CD collections (Chopin and Ella 
Fitzgerald had a lot in common in a cou- 
ple of the retrieval searches). While I 
may have gone overboard, it was fun try- 
ing some of the searches, and the refer- 
ence library list is extremely useful in my 
daily explorations of the computer 
industry. 

SeekEasy’s operation was interesting 
to analyze. It seems to grab other words 


relating to your keywords for further 
searches. For example, in scanning the 
PC-SIG data file for “TREK,” one of 
the first references contains the word 
“galaxy.” Through the list of matches, at 
the low end of the probability scale are 
matches to the word “galaxy” that have 
nothing to do with “TREK.” (I would 
love to see the source code for this prod- 
uct. Snooping the .EXE file did not give 
me a hint as to what it was written in.) 
SeekEasy gets high marks. Although it 
may not be useful to every programmer, 
it performs specific tasks very well. If 
nothing else, it is fun to play with! Jj 


Tim Parker is a systems programmer in 
Ontario, Canada, who also writes for 
several technical magazines. 


SEI 

Dennis Baer 

25 Miller Rd. 
Farmingdale, N.Y. 11735 
(516) 694-5872 


SPL is also available through a bulletin 
board service as SPLLIB.ARC at 

(516) 334-8221 and PC SIG at 

(800) 245-6717. 


SeekEasy 

Correlation Systems 

81 Rockinghorse Rd. 

Rancho Palos Verdes, Calif. 90274 
(213) 833-3462 


Now COBOL Programmers Can Do Formatted 
Screens Quickly and Easily - with SCREENIO. 


SCREENIO is the Screen Manager for Realia™ COBOL. 


SCREENIO is a high-performance, COBOL specific screen manager for the Personal Computer and compatibles. It’s power- 
ful, offers an impressive array of features, yet is easy to use. SCREENIO was written by experienced COBOL professionals 
and represents a truly COBOL approach to screen management on the PC. 


Design and Revise Screens Painlessly With Our Panel Editor. 


Use our interactive Panel Editor Facility to design your screens with a What-You-See-Is-What-You-Get approach. You can 
easily modify and experiment with screen layouts. Type titles and descriptive information on the screen, draw lines and 
boxes using the cursor movement keys, and paint the colors you want using the cursor keys or block functions. Use all 
256 color combinations on your screens. 


Define your data fields in COBOL terms; use your own data name, PICTURE and VALUE clauses. Specify the field type 
(various alpha and numeric types, hex, etc.), valid entries for the field (if you want SCREENIO to edit your data for you), 
and various other items. The Panel Editor will produce a copybook that contains this information. Panel revisions rarely 
mean changing your source code. 


Programming for SCREENIO is Easy. 


You can display your screen and accept data with as few as two statements; a COPY panelname in your WORKING-STORAGE 
SECTION, and a CALL SCREENIO statement in the PROCEDURE DIVISION. SCREENIO is linked with your applica- 
tion just as any other COBOL subroutine would be. 


SCREENIO takes care of tabbing, data validation, and other functions expected of a good screen manager. When we return 
to your COBOL program, the data from the user fields on the screen is in your variables. 


Yes, we’ve always done windows. SCREENIO supports Edit Masks, Automatic Error Detection and Editing, High Speed 
Video, Hot-Fields, Key Redefinition, Foreign Language Capability, Custom Tabbing Order, Color Control at Runtime, PC 
Speaker Control, and‘mtich, much more. A BMS Mapset Import is available. Most programmers are amazed at how easy 
it is to build flashy applications using SCREENIO and-COBOL. 


Our Support*is Outstanding. 


We provide superb telephone support. Upgrades are distributed to licensed users automatically for the first year. There are 
no Runtime Fees - the code you develop is yours to distribute freely. 


Call us to discuss your application. Get a feel for the kind of quality support we provide. 


We'll Send You a Free Demonstration Diskette. 


This limited version of our Panel Editor shows how you design panels. Because it’s written with COBOL and SCREENIQ 
it also shows the kind of features and performance you can expect in your applications. 


SCREENIO 2.1 is only $400 plus shipping. Save $100 - order SCREENIO and Realia COBOL from 
us. We also offer packages with Kedit, a great programming editor. Ask about our other 
programming tools, too. 


Not satisfied with FORMS"? Ask about SCREENIO for Micro Focus™*COBOL. 
In a hurry? Most orders are delivered within 24 hours! 


- Amex MC Visa Check - 


NI@ORCONn, 


Northern Computing Consultants 
RO. Box 020897 © Juneau, Alaska 9980: 
(907) 780-6464 © TELEX 510 601 4951 (Norcom 
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UNLEASH YOUR 80386! 


Your 80386-based PC runs at least 
twice as fast as your old AT. This is good, 
but not great. The products described 
below will unleash the true potential of 
your 80386, giving you 4 to 16 times the 
power of your old AT. These new Micro- 
Way products include a family of 80386 
native code compilers and the mW1 167 
numeric coprocessor. 

Examples of the increases in capacity 
and performance include: 
e Programs compiled with MicroWay 


NDP Fortran-386 execute 2 to 8 times 
faster than those compiled with existing 
16-bit Fortrans. NDP Fortran-386 can 
also address up to 4 gigabytes of 
memory instead of the standard 640 
kbytes. MicroWay’s NDP compilers 
and the programs they generate run on 
MS-DOS or Unix V. 

e NDP Fortran-386 generates code for 
the 80287, 80387 or MicroWay’s 
mW1167. The mW1167 has a floating 
point throughput exceeding 2.5 mega- 


WETTER 


a: ie 


mW1167 Numeric 
Coprocessor 


For the 
Tandy 4000 


MicroWay 80386 Compilers 


NDP Fortran-386 and NDP C-386 are globally 
optimizing 80386 native code compilers that 
support a number of Numeric Data Processors, 
including the 80287, 80387 and mW1 167. They 
generate mainframe quality optimized code and 
are syntactically and operationally compatible to 
the Berkeley 4.2 Unix f77 and PCC compilers. 
MS-DOS specific extensions have been added 
where necessary to make it easy to port pro- 
grams written with Microsoft C or Fortran and 
R/M Fortran. 

The compilers are presently available in two 
formats: Microport Unix 5.3 or MS-DOS as ex- 
tended by the Phar Lap Tools. MicroWay will port 
them to other 80386 operating systems such as 
OS/2 as the need arises and as 80386 versions 
become available. 

The key to addressing more than 640 kbytes 
is the use of 32-bit integers to address arrays. 
NDP Fortran-386 generates 32-bit code which 
executes 3 to 8 times faster than the current 
generation of 16-bit compilers. There are three 
elements each of which contributes a factor of 2 
to this speed increase: very efficient use of 
80386 registers to store 32-bit entities, the use of 
inline 32-bit arithmetic instead of library calls, 
and a doubling in the effective utilization of the 
system data bus. 

An example of the benefit of excellent codeisa 
32-bit matrix multiply. In this benchmark an NDP 
Fortran-386 program is run against the same 
program compiled with a 16-bit Fortran. Both 
programs were run on the same 80386 system. 
However, the 32-bit code ran 7.5 times faster 
than the 16-bit code, and 58.5 times faster than 
the 16-bit code executing on an IBM PC. 

NDP FORTRAN-386™ 


MicroWay Numerics 


The mW1167™ is a MicroWay designed high 
speed numeric coprocessor that works with the 
80386. It plugs into a 121 pin “Weitek” socket 
thatis actually a super set of the 80387. This soc- 
ket is available on a number of motherboards 
and accelerators including the AT&T 6386, 
Tandy 4000 and MicroWay Number Smasher 
386 (Jan. ’88). It combines the 64-bit Weitek 
1163/64 floating point multiplier/adder with a 
Weitek/Intel designed “glue chip”. The 
mW1167™ runs at 3.6 MegaWhetstones (com- 
piled with NDP Fortran-386) which is a factor of 
16 faster than an AT and 3 to 5 times faster than 
an 80387 


Monoputer™ - The INMOS T800-20 Trans- 
puter is a 32-bit computer on a chip that features 
a built-in floating point coprocessor. The T800 
can be used to build arbitrarily large parallel pro- 
cessing machines. Thé Monoputer comes with 
either the 20 MHz T800 or the T414 (a T800 
without the NDP) and includes 2 megabytes of 
processor memory. Four or more Transputers 
can be easily linked together to form a Quad- 
puter. A single T800 is comparable in speed with 
an mW/1167-equipped 80386. The compilers to 
drive one or more Monoputers include Occam, 
C, Fortran, Pascal and Prolog. 

Monoputer T414-20' 

Monoputer T800-20' 

Biputer™ T800/T4142 

Quadputer™ T41 4-202 

‘Includes Occam 2Includes TDS 


80287 ACCELERATORS 
287Turbo-10 

287Turbo-12 

287 TurboPlus-12 


flops, which is 4 to 5 times the through- 
put of an 80387 and is comparable to 
the speed achieved by the VAX 8600. 
Equally important, whichever Micro- 
Way product you choose, you can be 
assured of the same excellent pre- and 
post-sales support that has made Micro- 
Way the world leader in PC numerics 
and high performance PC upgrades. 
For more information, please call the 
Technical Support Department at 
617-746-7341 


MicroWay”* 
80386 Support 


80386 Multi-User Solutions 


AT8™ - Thisintelligent serial controller is designed 
to handle 8 users (16 with two boards) in a Xenix 
or Unix environment with as little as 3% degrada- 
tion in speed. It has been tested and approved by 
Compag, Intel, NCR, Zenith, and the Department 
of Defense for use in high performance 80286 
and 80386 Xenix or Unix based multi-user 
systems 


MicroPort Unix 5.3 is a port of the new Unix 5.3 
to the 80386. MicroWay NDP-386 compilers 
currently run on this version of UNIX. 

MicroPort Unix 5.3 from $399 


PC-MOS-386™ is an 80386 operating environ 
ment that turns an AT with an AT8 into an MS- 
DOS multi-user system. The system makes it 
possible to run applications such as Lotus 1-2-3 
on terminals. The operating system also has a 
Phar Lap compatibility mode that runs programs 
developed with the Phar Lap versions of Micro- 
Way’s compilers from $199 


Phar Lap™ created the first tools that make it 
possible to develop 80386 applications which 
run under MS-DOS yet take advantage of the full 
power of the 80386. These include an 80386 
monitor/loader that runs the 80386 in protected 
linear address mode, an assembler, linker and 
debugger. These tools are required for the MS- 
DOS version of the MicroWay NDP Compilers. 
Phar Lap Tools 


MATH COPROCESSORS 
80387-16 16 MHz 

80287-10 10 MHz 

80287-8 8 MHz 

80287-6 6 MHz 

8087-2 8 MHz 

8087 5 MHz 


The World Leader in PC Numerics 


P.O. Box 79, Kingston, Mass. 02364 USA (617) 746-7341 
32 High St, Kingston-Upon-Thames, U.K., 01-541-5466 
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me MAI-EYE 


Search time and search space 
ae ee a 


n the last column, 
search” (AI-Eye, 

COMPUTER LANGUAGE, Sept. 1987, 
pp.. 81-84), we saw that heuristic search 
is a fundamental problem-solving method 
in AI. We looked at the two basic brute- 
force search techniques known as depth- 
first and breadth-first. More refined, 
established, and commonly used AI 
search techniques are called best-first, 
hill climbing, branch-and-bound, A*, 
beam, and medns-end analysis. Special- 
case techniques such as minimax, alpha- 
beta pruning, and heuristic pruning will 
be discussed in future application-orient- 
ed columns. 

Search algorithms continue to be re- 
fined as we address problems of real-time 
AI applications, parallel processing, and 
greater efficiency. In fact, new and im- 
portant variants of long-established algo- 
rithms were presented at the annual 
meeting of the American Association for 
Artificial Intelligence last July. Two of 
these new algorithms—Real-Time-A* 
from Richard E. Korf of the University 
of California,.Los Angeles, and a paral- 
lel version of Iterative-Deepening-A* 
(IDA*) from the Artificial Intelligence 
Laboratory at the University of Texas, 
Austin—are descendants of the best- 
known heuristic search algorithm, A*. 

To review September’s column, depth- 


. first and breadth-first search procedures 


are close to being blind searches. They 
are powerful, easy to implement, and 
tend to be applicable to a wide range of 
problems. 

Focused searches, such as hill climbing 
or A*, are usually reserved for specific 
classes of problems. Hill climbing, best- 
first, and béam searches can be used to 
search out a path from start to finish 
when the length of the path is not cru- 
cial. Branch-and-bound and A* searches 
are more complicated and are applied 
when the cost of the path is paramount 
in the search problem. 

Means-end analysis guides search with 
the difference between-the goal and the 
current state, generating subgoals along 


By Susan J. Shepard 


the way. A well-known example of 
means-end analysis is the General Prob- 
lem Solver (GPS). GPS also uses depth- 
first search, problem reduction, object- 
centered control, and (sometimes) 
planning. Since the influence of GPS on 
AI has been so important, I will devote 


; hill climbing search 
; in PC Scheme 
; call: (hike-up ’o ‘g) 


(define hike-up 
(lambda (origin goal) 
(climb (list (list origin)) goal))) 


(define climb 
(lambda (path goal) 
(cond ((eqg? path ’()) *()) 


the entire next column to GPS and 
means-ends analysis. 


Any path 

Hill-climbing search begins in the same 
way as depth-first search (Listing 1), 
with one change that substantially im- 


((eq? goal (caar path)) (reverse (car path))) 


(else 
(climb (append (sort-path 


;sort node’s children 


(expand-node (car path)) ;by remaining distance 


(lambda (path1 path2) 


;children to front 


(nearest? path’ path2 goal))) 
(cdr path)) goal))))) 


(define how-far 
(lambda (node1 node2) 


;Straightline distance 


(sqrt (+ (square (- (getprop node1 ‘x) 
(getprop node2 ’x))) 


(square (- (getprop node1 © 


y) 


~>  (getprop node2 y))))))) 


(define (square x) (* x x)) 


(define nearest? 
(lambda (path1 path2 goal) 
(<? (how-far (car path1) goal) 
(how-far (car path2) goal)))) 


(define (sort-path path by) 
(sort! path by)) 


(define expand-node 


(lambda (path) ;property list 


;which is least distance pe goal node . 


;find node’s offspring using 


(map (lambda (child) (cons child path)) E 
(getprop (car path) ‘children)))) ; 


;include property list from Listing 2 
;end-of-hill-climbing-search 


Listing 1. 


proves search efficiency. To choose which 
children of a node will be visited and 
then expanded, we estimate which child 
is closer to the goal. This can be done 


; Property list describing net 

; to be used with each search listing in 
; Scheme. Individual LISP implementations 
; vary in property list structure and 

; operations. 


(putprop 


0 (AC) children) 
(putprop "A “(0 € B) ‘children) 
(putprop °B ‘(A EG) ‘children) 
(putprop °C (0 A D E)’children) 
(putprop 'D ’(E C) children) 
(putprop "E (C B D G)’children) 
“(putprop ’G '(B E) children) 
(putprop °o '20 ‘x) 
(putprop ‘o 50 ’y) 
(putprop ‘a 55 ’x) 
(putprop ‘a 55 ‘y) 
(putprop 'b °70 ‘x) 
(putprop ’b 40 ‘y) 
(putprop ‘c '20 'x) 
(putprop ‘c '30 ’y) 
(putprop ‘d ’25 ’x) 
(putprop ‘d 10 ‘y) 
(putprop ’e 45 'x) 
(putprop 'e 45 ’y) 


(putprop 'g 65 ’x) 
(putprop “g ‘20 'y) 
; end-of-property-list 


Listing 2. 


Net formed by property list 


with a heuristic that measures cost from 
the potential choice to the goal. A heu- 
ristic is useful since it is relatively cheap 
in terms of computation. I use straight- 
line distance as cost, determined from 
the reference points on an x, y coordi- 
nate as shown in Figure | and Listing 2. 

Beam searching works like breadth- 
first searching. It moves horizontally be- 
fore moving down to the nodes on the 
next level. Unlike breadth-first search, 
beam search moves only from the most 
likely nodes on each level. This technique 
is useful since a good path could be 
among potentially good partial paths at 
all levels. 

For best-first search (Listing 3) a heu- 
ristic is applied to nodes at each step 
along the way to select the node most 
likely to lead to the goal. In Listing 3, a 
heuristic is applied to sort the elements 
in the path by the estimated distance to 
the goal. This movement from the best 
open node (a node whose children have 
not been visited) occurs no matter where 
the node is in the partially grown search 
tree. 

Because a search begins from the node 
that is probably the best, the path found 
by best-first search is usually shorter 
than the path found with other tech- 
niques. Best-first search is a good choice 
when there is an obvious way to measure 
the cost of reaching the goal. It is also 
useful when an otherwise good path 
might look bad at shallow levels. Howev- 
er, best-first search is a time-consuming 


0 


_ Numbers are straight-line distances between nodes. 


(QABG) is the shortest path and is returned by each search. 


Figure 1. 
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technique. Limiting the lowermost node 
to be expanded can be helpful. 


Optimal paths 
It is reasonable to search for the best- 
first path with the least possible effort. 


- Branch-and-bound search provides a way 


to do this. At each step, the shortest of 
the open paths is extended one level until 
the goal is reached. When the shortest 
incomplete path is longer than the short- 
est complete path, we know we have 
found the shortest route to the goal be- 
cause the incomplete paths are already 
longer than a known successful path. 

The branch-and-bound search in List- 
ing 4 uses a distance heuristic to sort the 
distances accumulated so far in the 
search. Shortest or least-cost routes are 
chosen. The shortest route is extended by 
one level, generating a new set of incom- 
plete paths. These new paths are evaluat- 
ed, as are remaining old paths. Extension 
of the least-cost path is repeated until 
the goal is reached. Because branch-and- 
bound search always extends the shortest 
path at each level, the first path to reach 
the goal node is certain to be the shortest 
possible path. 

A*, perhaps the most well-known AI 
algorithm, is a refinement of branch-and- 
bound search. An estimate of the dis- 
tance remaining to reach the goal is 
added to each path before the path is ex- 
tended, instead of choosing the shortest 
path to expand. Redundant paths are not 
reconsidered, so if two or more paths 
reach a given node, only the least-cost 
path is retained. Sorting is done by the 
sum of a path’s cost and an estimate 
(usually lower-bound) of the remaining 
cost to reach the goal. A*’s solutions are 
usually optimal if the heuristic never 
overestimates the cost of reaching the 
goal. 

IDA* is a modification of A* that re- 
duces the complexity of the search. 
IDA* conducts a series of depth-first 
searches that cut off the search of a 
branch when the cost of the furthest 
node exceeds a given bound. 

A drawback of A* and IDA* is the 
exponential time they require to run in 
applications. For example, if you experi- 
ment with the listings, you will find that 
even branch-and-bound search takes con- 
siderably longer than best-first search. 
A* and IDA*® are rarely used in real- 
world applications. 

Korf’s Real-Time-A* uses a minimum 
look-ahead algorithm called pruning and 
a variant of A* that backtracks. Accord- 
ing to “Real-Time Heuristic Search: 
First Results” (from the proceedings of 
AAAI-87 Sixth National Conference on 
Artificial Intelligence, Seattle, Wash.), 
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All systems are go! 
When you get your operating systems books 
from the industry leader. 


O C Asa Second Language for Native Speakers 
of Pascal—Iomasz Muldner and Peter Steele, 
both of Acadia University 
Here's a complete and detailed description of the C program- 
ming language and programming techniques in C. 
(19210) 456pp.Paper 1987 $26.95 


0 The C Book—Michael Banahan, The Instruction Set, Ltd. 

This tutorial, based on Banahar’s training courses, features a 

structured approach to C. 

(17370) 304 pp. Paper 1988 $24.75* 

*Order this book today, and we’ll ship it to you as soon as 
it’s available (January ’88)! 


LD The C++ Programming Language—Bjarne Stroustrup, 
ATST Bell Laboratories 

The definitive reference to the C++ language, an extension 

of C that Stroustrup developed at AT&T Bell Laboratories. 

(12078) 328pp.Paper 1986 $29.25 


CU] The PICK Operating System: A Practical Guide— 
Roger J. Bourdon, Aston Technology Ltd. 


Here's a solid introduction to the management of aPICK-based __ 
computer system, covering all the major features of PICK. ~*~ 


(18055) 450 pp. Paper 1987 $32.25 


The UNIX® System V Environment—Stephen R. Bourne, 
Digital Equipment Corporation 

Written by a key member of the group that developed the 
UNIX system, here's a gold mine of information on UNIX 
toolkits, along with a definitive reference to the new stan- 
dard, System V. 

(18484) 378pp.Paper 1986 $26.95 


Text Processing and Typesetting with UNIX— 

David Barron, University of Southampton, and 

Michael Rees, University of Tasmania 

Written in a clear tutorial style, this book offers a complete 
description of the capabilities of UNIX text processing and 
typesetting for a wide audience. 

(14219) 250pp.Paper 1987 $26.95 


0 UNIX System Programming—Keith Haviland and 

Ben Salama, both of Sphinx Ltd. 
Here's an advanced programming book for software developers 
producing applications written in C for the UNIX system. 
(12919) 480 pp. Paper 1987 $26.95 


XC Operating Systems: A Systematic View, Third Edition— 
William S. Davis, Miami University, Ohio, 

An update of the popular book that gives you a straight- 

forward introduction to operating systems. 

(11185) 539 pp. Hardcover 1987 $37.75 


An Introduction to Operating Systems, Revised 

First Edition—Harvey M. Deitel, Boston College 

In addition to complete coverage of the fundamental concepts 
of operating systems, this best-seller includes five case studies— 
on UNIX, VAX/VMS, CP/M, MVS, and VM. 

(14501) 673 pp. Hardcover 1984 $44.25 


L) Operating Systems Concepts, Second Edition—James L. 
Peterson and Abraham Silberschatz, both of the 
University of Texas at Austin 

This popular book clearly and concisely defines the funda- 

mental concepts of operating systems and their application 

to any system. 

(06198) 625 pp. Hardcover 1985 $44.25 


OF SPECIAL INTEREST... 
[1 The AWK Programming Language—Alfred V. Aho, Brian 
W. Kernighan, and Peter J. Weinberger, all of AT&T Bell 
Laboratories 
Here's the authoritative reference on the 
newest version of AWK, a pattern-matching 
language for writing short programs to perform 
common data-manipulation tasks. Written by 
AWK’s original developers, the book begins 
with a tutorial that shows you how easy AWK 
is to use, and continues with a comprehensive 
manual. (07981) 210pp.Paper 1987 $23.75 


UNIX is a registered trademark of AT&T. . 


To order, check off the books that interest you, tear out this ad and send check for total, plus your local sales tax, to: Dept. DM, Addison-Wesley 
Publishing Co., Reading, MA, 01867-9984. Or simply call the number below. 


vv Addison-Wesley Publishing Company 


Reading, Massachusetts 01867 (617) 944-3700 
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y VERSION 
MANAGER 


Now SVM supports local area 
networks and tracks source 
revisions made by multiple 
users in both single-site and 

multi-site configurations. 


Plus... 


e Archive Database Tracks Source 
(and Binary) File Revisions 
Audit Trail Reporting Provides 
Info on Project’s Development 
Revision Branches Allow Mul- 
tiple Courses of Development 
Revision Merging and Deleting 
Provide Flexibility in Archive 
Maintenance 
User IDs, Privilege Settings & 
Passwords Help Resolve Access 
Conflicts and Maintain Project 
Integrity 
Optional Text Compression 
Reduces Storage Requirements 
Menu Driven Shell Makes SVM 
Easy to Use 
Single-Site: $299.95" 
5-site LAN: $1000 (extendible) 


SEIDL 
MAKE 
UTILITY 


New program, called SMKgen, 
automatically constructs a 
dependency file by analyzing 

the files in a project. 


Plus... 


e Structured Language Used to 
Define Dependencies 


Rich Command Set with Over 
20 Different Statements 


Ability to Handle Nested Include 
Files and Library Dependencies 


Performance & Functionality not 
Found in UNIX Make or Clones 


SMK Only: $99.95" 
SMK gen: Add $50.00 


CALL TODAY 
1-313-662-8086 


Visa/MC/COD Accepted 
Dealer Inquiries Invited 
*Plus postage and Handling 


SEIDL COMPUTER ENGINEERING 


3106 Hilltop Dr., Ann Arbor, MI 48103 
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Anderson and A. Corbett, which inspired 
this column. PROLOG users should re- 
fer to the several search examples in 
Programming in PROLOG. (See the fol- 
lowing references for complete listings). 


the computational cost and solution-qual- 
ity trade-off is intially favorable but 
“rapidly reaches a point of diminishing 
returns.” Korf’s interim conclusion for 
heuristic searches is that “existing single- 
agent heuristic search algorithms cannot 
be used in real-time applications, due to 
their computational cost and the fact 
that they cannot commit to an action be- 
fore its ultimate outcome is known.” 

Nevertheless, armed with the assort- 
ment of search techniques presented so 
far, I will work with GPS in the next col- 
umn and make some conclusions about 
AI searches. Fj 


Excellent resources on the topic of 
searches include LISP by P. Winston . 
and P. Horn and Essential LISP by J. 
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; best-first search 
; in PC Scheme 
; Call: (best-first ‘0 ‘g) 


(define best-first 
(lambda (origin goal) 
(best (list (list origin}) goal))) 


(define best 
(lambda (path goal) 
(cond ((eq? path ’()) *()) 
((eq? goal (caar path)) (reverse (car path))) 
(else (best (sort-path sort path by distance to goal 
(append (expand-node (car path)) 
(cdr path)) 
(lambda (path1 path2) 
(nearest? path1 path2 goal))) goal))))) 


(define how-far ;straightline distance using property list 
(lambda (node1 node2) 
(sqrt (+ (square (- (getprop node1 x) 
(getprop node2 ’x))) 
(square (- (getprop node1 ‘y) 
(getprop node2 ’y))))))) 


(define (square x) (* x x)) 


(define nearest?~<test for least distance to goal 
(lambda (path1 path2 goal) 
(<? (how-far (car path’) goal) 4 
(how-far (car path2) goal)))) 


(define (sort-path path by) 
(sort! path by)) 


(define expand-node :get node’s offspring using property list 
(lambda (path) 
(map (lambda (child) (cons child path)) 
(getprop (car path) ‘children)))) 


;include property list from Listing 2 
;end-of-best-first 


Listing 3. 


UPGRADE 
PROFORT TO 
RM/ ——— 2.4 


‘« i ) 
Let 
Ware a 


fl 
eR 
(2 DLS 
OK, PROFORT users, you’ve got > shipping and handling for a 


some catching up to do. And RM/ ‘pal eae —S7|_ “LIMITED TIME ONLY. To get 
FORTRAN™ 2.4 is the best way to this special price, you must 
do it. \ | (me . ry a | include your PROFORT disk- 
That’s because RM/FORTRAN (© 2 eS ette with the order. VISA, 
2.4 is the latest version of the ay Ge Ny MasterCard or check are 
original RM/FORTRAN sold by 7 accepted. 
IBM as “IBM PC Professional “= a co) Join the PROFORTunate 
FORTRAN by Ryan-McFarland?’ __ ese Lt who have traded up to RM/ 
So even with all the extras and == FORTRAN 2.4. To order call 
upgrades, RM/FORTRAN2.4 = ( | = OY 943.541-4828. | ———— 
is still 100% source code compatible elle / Orsend in ae 
with your existing PROFORT —_o) = ay the coupon. ——— 
applications. Austec Ine. ae 
"The biggest improvement — i Tnsonpetating Bue pore = 
ee alle. rive 
the addition of a real power-user’s eens Rolling rae hd, Case AUSTEC 


environment called RM/FORTE. This totally 


interactive set of development tools includes a i a a ed ine oe on 


(J Send me RM/FORTRAN 2.4. BY11 


Source Code Project Manager, an Editor with ; 

Diagnostic Locator, a “Make” facility, Split : i Sendauomee 

Sereen Debugging, and a Syntax Checker. It e Name g 

does the grunt work so you can spend more Company 

time programming —less time on file prepa- a ae | 

ration, housekeeping and moving between 

development tasks. e City State aus i 
Feel the need for speed? Your programs can | OVISA MasterCard 1 Check | 

execute 45 percent faster than with PROFORT. Menpvees Tea 

And RM/FORTRAN 2.4 has nice extras like é —_—__r_w i 

VAX, VS and FORTRAN-66 extensions; Signature 

coprocessor emulation; a convenient Microsoft- | Total Cost $195. + Shipping + Sales Tax* = $ i 

compatible C interface; and for PS/2 users, it’s Add $10. for U.S./Canada shipments. i 

Add $50. for shipments outside U.S./Canada 


available on 8. d-inch diskette. California residents only add 6.5% Sales Tax CL 12/87 
The cost to PROFORT users is just $195, plus LL. ae 10K GE De De ED es es 
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MetaWINDOW 


Product of the Month 
".. a technological tour de 
force for fast PC graphics." 


NO ROYALTIES! 


MetaWINDOW provides an expand- 
|_| ed set of graphic drawing functions, 
|| plus the added functionality and 

performance required for designing 

| multi-window desktop applications. 


¢ auto-cursor tracking 


¢ pull-down menus 


* pop-up windows 


* comprehensive 
graphic functions 


10 Point 12 Point 


¢ multiple fonts 


¢ Display multiple bitmap or 
"filled-outline" fonts. 

¢ Face fonts for bold, italic, under- 
line or strike-out stylings. 

¢ Full "RasterOp" transfer 
functions for writing, erasing, 
rubberbanding or dragging: 
lines, text, icons, bit images 
and complex objects. 
Create pop-up menus, 
windows and icons. 

¢ Supports IBM's new PS/2 VGA 
and MCGA graphics. 
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; branch-and-bound search 
; in PC Scheme 
; call: (branch-and-bound ‘o ’g) 


(define branch-and-bound 
(lambda (origin goal) 
(bnb (list (list origin)) goal))) 


(define bnb 
(lambda (path goal) 
(cond ((eq? path “()) *()) 


Winston, P. Artificial Intelligence. Second Ed. 


Addison-Wesley, 1984. 
Winston, P. and B.K.P. Horn. LISP. Addison- 
Wesley, 1984. 


Susan Shepard is a writer and editor 
specializing in the microcomputer field. 
She is the AI Insider columnist for AJ 
EXPERT. In addition to doing private 
consulting, she is a program consultant 
for the Academy for Educational Devel- 
opment, an international consulting firm 
based in New York, N.Y. | 


((eq? goal (caar path)) (reverse (car path))) 


(else (bnb (sort-path 


(append :sort by distance with 
(expand-node (car path)) shortest to front 
(cdr path)) shorter-path) goal))))) 


(define how-long ;length of path 
(lambda (path) 
(cond ((eq? (cdr path) ’()) 0) 


(else (+ (how-far (car path) (cadr path)) 


(how-long (cdr path))))))) 


(define shorter-path ;test if shorter path is path1 


(lambda (path1 path2) 


(<? (how-long path1) (how-long path2)))) 


(define how-far ;straightline distance using property list 


(lambda (node1 node2) 
(sqrt (+ (square (- (getprop node ‘x) 


S 


(square (- (getprop node1 ‘y) 


(getprop node2 'x))) 


(getprop node2 ‘y)}))))) 


(define (square x) (* x x)) 


(define (sort-path path by) 
(sort! path by)) 


(define expand-node ;get node's offspring using property list 


(lambda (path) 


(map (lambda (child) (cons child path)) 


(getprop (car path) ‘children)))) 
; include property list from Listing 2 
;end-of-branch-and-bound 


Listing 4. 


SAS Institute Inc. 
Announces 


Lattice C Compilers for Your IBM Mainframe 


Two years ago... 

SAS Institute launched an effort to develop a 
subset of the SAS® Software System for the 
IBM Personal Computer. After careful study, 
we agreed that C was the programming 
language of choice. And that the 

Lattice® C compiler offered the quality, 
speed, and efficiency we needed. 


One year ago... 

Development had progressed so well that we 
expanded our efforts to include the entire 
SAS System on a PC, written in C. And to 
insure that the language, syntax, and 
commands would be identical across all 
operating systems, we decided that all future 
versions of the SAS System—regardless of 
hardware—would be derived from the same 
source code written in C. That meant that 
we needed a C compiler for IBM 370 main- 
frames. And it had to be good, since all our 
software products would depend on it. 

So we approached Lattice, Inc, and asked 
if we could implement a version of the 
Lattice C compiler for IBM mainframes. 
With Lattice, Inc.’s agreement, development 
began and progressed rapidly. 


Today... 
Our efforts are complete—we have a first- 
rate IBM 370 C compiler. And we are 
pleased to offer this development tool to 
you. Now you can write in a single 
language that is source code compatible with 
your IBM mainframe and your IBM PC. We 
have faithfully implemented not only the 
language, but also the supporting library and 
environment. 7 

Features of the Lattice C compiler for 
the 370 include: Sie 


@ Generation of reentrant object code. 
Reentrancy allows many users to share 
the same code. Reentrancy is not an 
easy feature to achieve on the 370, 
especially if you use non-constant 
external variables, but we did it. 

"| Optimization of the generated code. We 

. know the 370 instruction set and the 
various 370 operating environments. We 
have over 100 staff years of assembler 
language systems experience on our 
development team. 

@ Generated code executable in both 
24-bit and 31-bit addressing modes. You 
can run compiled programs above the 
16 megabyte line in MVS/XA. 

@ Generated code identical for OS and 
CMS operating systems. You can move 
modules between MVS and CMS 
without even recompiling. 

@ Complete libraries. We have 
implemented all'the library routines 
described by Kernighan and Ritchie (the 
informal C standard), and all the library 


routines supported by Lattice (except 
operating system dependent routines), 
plus extensions for dealing with 370 
operating environments directly. 
Especially significant is our 
byte-addressable Unix®-style I/O 
access method. 

@ Built-in functions. Many of the 
traditional string handling functions are 
available as built-in functions, generating 
in-line machine code rather than function 
calls. Your call to move a string can result 
in just one MVC instruction rather than a 
function call and a loop. 


In addition to mainframe software 
development, you can also use our new 
cross-compiler to develop PC software on 
your IBM mainframe. With our cross- 
compiler, you can compile Lattice C 
programs on your mainframe and generate 
object code ready to download to your PC. 

With the cross-compiler, we also offer 
PLINK86™ and PLIB86™ by Phoenix 
Software Associates Ltd. The Phoenix link- 
editor and library management facility can 
bind several compiled programs on the 
mainframe and download immediately 
executable modules to your PC. 


Tomorrow... 

We believe that the C language offers the 
SAS System the path to true portability and 
maintainability. And we believe that other 
companies will make similar strategic 
decisions about C. Already, C is taught in 
most college computer science curriculums, 
and is replacing older languages in many. 
And almost every computer introduced to 
the market now has a C compiler. 


Katie Bere 
I want to learn more about: 


0 the C compiler for MVS software developers 
0 the C tompiler for CMS software developers 
O the cross-compiler with PLINK86 and PLIB86 


today...so I'll be ready for tomorrow. 


Please complete or attach your business card. 


Name 
Title 
Company 


C, the language of 
choice... 


C supports structured programming with 
superior control features for conditionals, 
iteration, and case selection. C is good for 
data structures, with its elegant implemen- 
tation of structures and pointers. C is 
conducive to portable coding. It is simple 
to adjust for the size differences of data 
elements on different machines. 


Continuous support... 

At SAS Institute, we support all our 
products. You license them annually; we 
support them continuously, You get updates 
at no additional charge. We have a 
continuing commitment to make our 
compiler better and better. We have the 
ultimate incentive—all our software 
products depend on it. 


For more information... 
Complete and mail the coupon today. 
Because we've got the development tool for 
your tomorrow. 


® 


SAS Institute Inc. 

SAS Circle, Box 8000 

Cary, NC 27511-8000 

Telephone (919) 467-8000 x 7000 
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Address 


City 


State: ees ZIP: 


Telephone 


Mail to: SAS Institute Inc., Attn: CC, SAS Circle, Box 8000, Cary, NC, USA. 
27511-8000. Telephone (919) 467-8000, x 7000 
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SAS is the registered trademark of SAS Institute Inc., Cary, NC, USA. Lattice is the registered trademark of Lattice, Inc. PLINK86 and PLIB86 are trademarks of Phoenix Software Associates Ltd. 
UNIX is the trademark of AT&T. Copyright © 1985 by SAS Institute Inc. Printed in the USA. 


C CODE FOR THE PC 


source code, of course 
C Source Code 


Bluestreak Plus Communications (two ports, programmer’s interface, terminal emulation) $400 
CQL Query System (SQL retrievals plus windows) 4 : $325 
Greenleaf Data Windows (windows, menus, data entry, interactive form design) ot) $315 
Barcode Generator (specify Code 39 (alphanumeric), Interleaved 2 of 5 (numeric), or UPC) $300 
GraphiC 4.0 (high-resolution, DISSPLA-style scientific plots in color & ee acery) $275 
Vitamin C (MacWindows) . . res : $200 
resident C (TSRify C programs, DOS shared libraries) , $165 
Greenleaf Communications Library (interrupt mode, eda poritrell XON- XOFF) $160 
Greenleaf Functions (296 useful C functions, all DOS services) $160 
Essential C Utility Library (400 useful C functions) ; : $160 
Essential Communications Library (C functions for RS- 232- pased eoimmimnieatian systems) . $160 
PC/IP (CMU/MIT TCP/IP implementation for PCs) . ... : $100 
B-Tree Library &.ISAM Driver (file system utilities by Softfocus) ; $100 
The Profiler (program execution profile tool) $100 
Entelekon C Function Library (screen, graphics, Meteccc Senne Sine er ) $100 
Entelekon Power Windows (menus, overlays, messages, alarms, file handling, etc.) . ; $100 
QC88 C compiler (ASM output, small model, no longs, floats or bit fields, 80+ anaes library) $90 
CBTree (B+tree ISAM driver, multiple variates length keys) $80 
MultiDOS Plus (DOS-based multitasking, intertask messaging, semaphores) $80 
ME (programmer’s editor with C-like macro are o me ee $75 
Wendin PCNX Operating System Shell . : : : ee $75 
Wendin PCVMS Operating System Shell . $75 
Wendin Operating System Construction Kit . . $75 
EZ_ASM (assembly language macros bridging C ad MASM) . $60 
Multi-User BBS (chat, mail, menus, sysop displays; uses Galacticomm modem ‘card) . $50 
Heap Expander (dynamic memory manager for expanded memory) $50 
Make (macros, all languages, built-in rules) .. . ; $50 
Vector-to-Raster Conversion (stroke letters & Tektronix 4010 codes to bitmaps) $50 
Coder’s Prolog (inference engine for use with C programs) ; $45 
PC/MPX (light-weight process manager; includes preemption and Cocroutine packages) $45 
Biggerstaff’s System Tools (multi-tasking window manager kit) aay $40 
TELE Kernel (Ken Berry’s multi-tasking kernel) $30 
TELE Windows (Ken Berry’s window package) . ’ $30 
Clisp (Lisp interpreter with extensive internals documentation) $30 
Translate Rules to C (YACC-like function generator for rule-based systems) $30 
6-Pack of Editors (six public domain editors for use, study & hacking) . $30 
ICON (string and list processing ener Wersionn6vaiad ee ; $25 
PTree (parse tree management) . ; : $25 
LEX (lexical analyzer generator) : $25 
Bison & PREP (YACC workalike parser generates & agenibute Sreniiar r preprocessor) : $25 
C Compiler Torture Test (checks a C compiler against K & R) . $20 
Benchmark Package (C compiler, PC hardware, and Unix system) . : $20 
TN3270 (remote login to IBM VM/CMS as a 3270 terminal on a 3274 4 controller) $20 
PKG (task-to-task protocol package) 4 Soy : $20 
A68 (68000 cross-assembler) . . $20 
Small-C (C subset compiler for 8080 an 8088) 3 $20 
tiny-c (C subsubset interpreter including the tiny-c shell) $20 
Xlisp 1.5a (Lisp interpreter including tiny-Prolog in Lisp) $20 
List-Pac (C functions for lists, stacks, and queues) At $20 
XLT Macro Processor (general purpose text translator) : ad $20 
C Tools (exception macros, we, pp, roff, grep, printf, hash, declare, ‘banner, Pascal-to-C) : $15 
Data 

DNA Sequences (GenBank 48.0 of 10,913 sequences with fast similarity search program $150 
Protein Sequences (5,415 sequences, 1,302,966 residuals, with similarity search program $60 
Webster’s Second Dictionary (234,932 words) hes ‘ $60 
U. S. Cities (names & longitude/latitude of 32,000 Ween a 000 state boundary points) : $35 
The World Digitized (100,000 longitude latitude of world country bound aries) $30 
KST Fonts (13,200 characters in 139 mixed fonts: specify TeX or bitmap format) $30 
USNO Floppy Almanac (high-precision moon, sun, planet & star yenerene) $20 
NBS Hershey Fonts (1,377 stroke characters in 14 nt) ‘ : $15 
U.S. Map (15,701 points of state boundaries) : $15 
The Austin Code Works Voice: (512) 258-0785 
11100 Leafwood Lane BBS: (512) 258-8881 
Austin, Tezras USA 78750-8409 Email: FidoNet 1:382/12 
Free surface shipping on prepaid orders MasterCard/VISA 
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ae hen the Micro- 
——— computer Pro- 
SSS gramming 


System (MPS) was developed seven 
years ago, programming software for mi- 
crocomputers sharply contrasted with 
well-refined tools found on mainframes 
and minicomputers. The principals at 
Systems Facilities Inc. designed MPS as 
a simple, lean language for programming 
business applications in a 48K CP/M 
environment. 

Today, desktop computing rivals the 
sophistication of minicomputers and 
mainframes. But MPS, while having 
constructs for accessing the new hard- 
ware and operating system functions, re- 
tains much of its original simplicity. 

A clue to MPS’s design objectives 
comes from the main applications it was 
developed for, XPIP and TSS. XPIP is a 
menu-driven DOS shell and integrated 
utility program. TSS is a microcomputer 
typesetting system for newspaper pub- 
lishers with a user base of more than 50 
installations across the country. 

These software packages are written in 
MPS and sold commercially for MS- 
DOS machines. Their functional require- 
ments typify those of many business 
applications: dexterity in string manipu- 
lation rather than scientific number 
crunching, ease of retrieving records and 
files from disk storage, and sourcé code 
compatibility across multiple operating 

’ systems (XPIP and TSS were first in- 
stalled on CP/M machines). 

MPS is modeled after a minicomputer 
language called Databus. Databus was 
developed in the early 1970s by Data- 
point Corp., San Antonio, Texas, as a 
business-applications language for mini- 
computers. This high-level language al- 
lowed Datapoint to maintain source code 
compatibility for its customers across 
several generations of hardware, ranging 
from single-workstation processors to 
multiterminal systems to full-blown 
networks. 

Syntactically, MPS bears a strong re- 
semblance to Databus. For the non- 
Databus crowd, MPS can be thought of 
as a mix of assembler, FORTRAN, and 


MPS: Designed for 


By Edward J. Joyce 


COBOL. With assembler, MPS primar- 
ily shares a capability for unlimited 
string manipulation. You can truncate, 
append, extract, insert, search, and oth- 
erwise massage character strings with 
the simple execution of language verbs. 

The similarity between FORTRAN 
and MPS lies with control structures. 
MPS depends on the GOTO, CALL, 
computed CALL, DO/WHILE, 
IF/ELSE, and computed GOTO instruc- 
tions for branching control. 

The syntax of MPS reads like CO- 
BOL in that many of the verbs are taken 
directly from the English language. Oth- 
er similarities include formatted output 


EXOTIC LANGUAGE 
OF THE MONTH CLUB 


business computing 


and sorting. MPS supports thorough for- 
matting of displayed and printed output 
such as floating dollar signs, leading, 
trailing plus and minus signs, and the 
substitution of asterisks for leading zeros 
of numeric values (useful in printing 
bank checks). Array sorting is accom- 
plished through execution of a single 
instruction. 

Sorting may also be achieved external- 
ly by invoking an operating system utility 
program supplied with the MPS pack- 
age. This utility can be called from with- 
in an MPS program or executed at the 
operating system command level. The 
sort utility handles split sort keys up to 


; SIEVE.TXT — Sieve of Eratosthenes benchmark program. 


; Perform 10 iterations of calculating the 1,899 prime numbers between 


; 3 and 16,381. 


; Data declarations. 


SIZE BIN "8191" 

ONEBIN "1"; constant 

FLAGS ARRAY BIN ; 
COUNT NUM 4 ; 
; binary variables 

I BIN 3 

K BIN BO 

PRIME BIN ; 
ITER ‘BIN Abs 


; Executable instructions. 


; array size 


(used as binary constant) 


indicates primes 
counts primes found 
(4-character ASCII decimal field) 


; indexes into FLAGS array 
; indexes into FLAGS array 


prime number 


; counts iterations 


(initialized to one) 


CONVERSE *N,"10 iterations” ; do cr/1f & display msg 
ITERLOOP CLEAR COUNT ; initialize counter to zero 
DEFARRAY FLAGS, ONE, SIZE ; initialize array to all ones 
MOVE aaa ; set index 
ARRLOOP SETIDX FLAGS, I ; set array index 
COMPARE 4" FLAGS ; prime? 
GOTO NOTPRIME IF NOT EQUAL ; no 
MOVE 1, PRIME ; PRIME := I+I+3 = 
ADD T, PRIME 
ADD 3” PRIME 
MOVE IK k= I+PRIME 


Listing 1. (Continued on following page) 


87 


241 characters long in variable-length re- 
cords. Record selection criteria may be 
specified so only certain records are ex- 
tracted to the sorted output file. The sort 
utility alone is worth the price of the en- 
tire package. 

To illustrate the anatomy of an MPS 
program, MPS code for the ubiquitous 
sieve of Eratosthenes benchmark appears 
in Listing 1. The data declaration section 
must be placed at the beginning of a pro- 
gram as shown. All data elements are 
global; no local variables exist for proce- 
dures as in Pascal or Modula-2. 

Unlike those languages, however, MPS 


MULTLOOP ADD PRIME ,K 
SETIDX FLAGS ,K 
IF NOT OVER 
CLEAR FLAGS 
GOTO MULTLOOP 
ENDIF 
INCR COUNT 
NOTPRIME COMPARE 1, SIZE 
IF NOT EQUAL 
INCR I 
GOTO ARRLOOP 
ENDIF 
COMPARE "40" ITER 
IF NOT EQUAL 
INCR ITER 
GOTO ITERLOOP 
ENDIF 
CONVERSE *N,COUNT,” primes” 
END 


Listing 1. (Continued from preceding page) 


allows initialization of variables during 
declaration. The statement: 


SIZE BIN “8191” 


declares a binary variable with an initial 
value of 8,191. Binary variables are used 
for efficient integer arithmetic. They 
range from —65,535 to 65,535. 

The other form of numeric variable, 
NUM, designates ASCII fields for dis- 
played and printed output. These fields 
contain up to 36 digits with optional 
decimal points and fractional parts. 
Arithmetic operations can be carried out 


; set array index & 


OVER flag if K ) SIZE 


; indicate non-prime 


; increment primes found 


; array done? 


no - increment array index 


; check next element 


10 iterations done? 


no - increment iterations 


; do another iteration 


; display primes found 


; string to be found exe 
; array length for search 


* 


array 

= array type, char 

# of elements 

length of each element 
label of first 


initialized from 


from this data 


; data declarations = 

FIND CHR ae 

LEN BIN eee 

IDX NUM ~ 2 ; holds result 

WORDS ARRAY CHR,3,8,FW ; allocates 

; “1st parm 

2nd parm 
3rd parm 
4th parm 
element 

FW CHR "HI" array is 

SW CHR "SO THERE” 

™W CHR "WELLWELL” 


; executable instruction 


BSEARCH FIND IN WORDS WITH LEN 10 IDX 


from this data 


TH CHR." WELLWELL” 


: executable instruction 


BSEARCH FIND IN WORDS WITH LEN TO IDX 


Listing 2. 
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directly on variables declared as NUM, 
which has the characteristics of a 
COBOL-zoned decimal type. Since MPS 
does not convert NUM values to binary 
for arithmetic calculations, no round-off 
error is possible. 

Having a COBOL-zoned decimal type 


‘gives MPS an advantage over many oth- 


er high-level languages that convert nu- 
meric values to binary. When these other 
languages must deal with a fraction such 
as 1/10—which cannot be expressed as a 
nonrepeating binary fraction—some ac- 
curacy is lost due to round-off errors 
while converting between decimal and bi- 
nary representations. 


ne of the main 
Se assets of MPS 
lies in the first 


executable instruction of the sieve of 
Eratosthenes program, CONVERSE. As 
its name implies, CONVERSE processes 
both input and output for the keyboard 
and screen. This is illustrated in the sieve 
of Eratosthenes example as: 


CONVERSE *N,“10 iterations” 


MPS simply issues a carriage return and 
line feed, represented by the list control, 
*N (new line) and then displays the lit- 
eral “10 iterations.” List controls cover 
the gamut of screen operations. Cursor 
positioning, line erasing, line and charac- 
ter insertion and deletion, high-intensity 
video, color generation, and window cre- 
ation are handled with list controls. 

On the input side, CONVERSE pro- 
vides a powerful editing tool that virtual- 
ly eliminates the need for programmer- 
written data validation routines. For 
example, assume that the variable 
AMOUNT is defined as: 


AMOUNT NUM 3.2 


which specifies a six-position ASCII nu- 
meric variable with three digits before 
the decimal point and two digits after. 
(In other words, the variable ranges from 
—999.99 to 999.99.) Then the 
instruction: 


CONVERSE *5:10,“Enter amount:”, 
*IN,AMOUNT 


positions the cursor to column five, row 
10, displays the literal, and waits for op- 
erator input. The */N list control means 
input into the following variable. 

Besides accepting the input, MPS 
checks the entry and rejects it if it is in- 
valid. For example, anything that does 
not correspond with the declaration of 
AMOUNT, such as an attempted entry 
of abc or 1293.75, will be rejected. If an 
invalid character is entered, the cursor 
does not advance and the character is 
ignored. 


DEBUGGING SWAT TEAM 


Order Eco-C88 Rel. 4.0 New Modeling Compiler 
and get C-more at no extra charge! 


Seek and Correct 


You already know that fast compilation does not mean fast program development. Backing 

up for bogus error messages and removing the bugs takes time. Eco-C88’s “Seek and Correct” 
three - way error checking finds even the most elusive bugs, clearing the path for swift program 
development. 


Double Barrel Error Checking 


Eco-C88 nails sy rrors cold and tells you about:the error in plain 
English. And there’s no avalanche of false error messages, either. Other 
compilers can generate up to four times the number of error messages 
actually present; they leave it up to you to guess which ones are 

real. You'll be more productive with Eco-C88 because there is no 
guess work. 


Eco-C88 provides ten levels of semantic error checking. You can 
select from almost no checking to the fussiest you’ve ever seen. 
Eco-C88's “picky flag” finds subtle errors that slip by 

other compilers. 


Eco-C88 also features: 


All data types, plus ANSI Enhancements 

© Robust library, including many new ANSI 
functions 

© CED editor with online function help, split 

windows, compile-edit-link capability 

New, expanded manual with sample pro- 

grams for the library functions 


C-more Source Code 
Debugger 


Finally, if a really nasty bug persists, 

put C-more, our source code debug- 

ger, to work. With C-more you can 

watch your program as it executes, 
single-step it, set simple or conditional 
breakpoints, test complex expressions, 

use variables as indexes into other vari- 

ables, initialize and trace variables, examine 
CPU registers, display results with printf()- 
type options and much more. C-more can help 
you track down bugs in minutes rather than days. 


The price for Eco-C88 is $99.95. And, fora 
limited time, we'll give you our C-more debugger 
at no extra charge. 


Ecosoft Inc. 
6413 N. College Ave. 
Indianapolis, IN 46220 


(317) 255-6476 (Tech Info) = 
(800) 952-0472 (Orders) £7 
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Input control extends to a dozen other 
operations, including auto-end, which ac- 
cepts a variable when it is filled instead 
of waiting for return to be pressed; echo- 
off, which disables the normal mode of 
echoing keyboard input on the screen; 
right-justify, which shifts the entry to 
the right in a character string field; and 
the ability to backspace over characters 
while entering data. 

MP%S’s vision of the keyboard doesn’t 
stop with the alphanumeric keys. Moni- 
toring function keys (or any displayable 
or nondisplayable characters, for that 
matter) requires only a simple trap- 
setting instruction. After the trap is set, 
pressing a special character during a 
CONVERSE input instruction transfers 


Turbo C is a great compiler but there is 
one vital cog missing — debugging. 
Without it, you have to spend an awful — 
lot of energy to go a short distance. 


Gimpel Software’s C-terp, long recog- 
nized as the leading C interpreter, now _. 
fully supports Turbo C with com- 
plete compatibility guaranteed. 


Interactive Debugger — Our 
debugging facilities include split 
screen (code in upper portion, 
dialog in lower), breakpoints 3 
(sticky, temporary, line/function, cursor- 
directed), display of structures and arrays, 
execution of any expression (even those 
involving macros), function traceback 
with arguments, watch expressions and 
watch conditions (watchpoints). Our 
watch expressions can be structs or 
arrays. We catch out-of-bounds pointers! 


No Toy — Full K&R with ANSI enhance- 
ments. Multiple-module with a built-in 
automatic make. It has virtual memory 
option (with optional direct use of ex- 
tended memory) and a shared symbol 
option for those big programs. It supports 
graphics, dual displays and the EGA 
43-line mode. 


Links to external libraries — (both code 
and data, automatically) which can call 
back to interpreted functions. Function 
pointers are compiler compatible. 


100% Turbo-C compatible. —Same 
header (.h) files, data alignment, bit field 
orderings and preprocessor variables as 
your compiler. We link in your com- 
piler’s library. 


Our reconfigurable editor — is multifile 
and comes with a configuration script to 
mimic Turbo’s editor. 
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If You Have Turbo C You Have 
Half Your C-Programming Vehicle 


program control to a designated proce- 
dure. This feature comes in handy for 
monitoring operator requests for help 
and other actions routinely assigned to 
function keys. 

Referring again to the sieve of Era- 
tosthenes example, two other characteris- 
tics worth noting are the construction of 
arithmetic operations and the definition 
of an array. MPS has no provision for 
compound formulas or algebraic state- 
ments. Instead, the four fundamental 
arithmetic operations of the language— 
addition, subtraction, multiplication, and 
division—work on two operands at a 
time. 

If the designers of MPS were looking 
for free advice, I’d ask them to strength- 


The missing wheel that will 
turn your half-cycle into a bicycle 


C-terp 


Order C-terp today! 


Call (215) 584-4261 


Introductory Price for Turbo C-terp: 
$139.00 


VISA, MC, COD — 30 day money back 
guarantee 


C-terp Version 3.0 is also available for the 
following compilers: 

Microsoft, Lattice, Aztec, C86, and Mark 
Williams ($298) and Xenix ($498). 


Ze 


GIMPEL SOFTWARE 


3207 Hogarth Lane 
Collegeville, PA 19426 


C-terp is a trademark of Gimpel Software. and Turbo-C of 
Borland International. 


en the arithmetic instruction set. The 
two-operand restriction in math state- 
ments becomes a limitation in many pro- 
grams, and the availability of only four 
arithmetic operators (+, —, *, /) com- 
plicates MPS programming. Many busi- 


‘ness applications, such as those involving 


loan-payment schedules and interest 
rates, require exponentiation. 

Array allocation in MPS is managed 
dynamically, as demonstrated in the 
third executable instruction of the sam- 
ple program: 


DEFARRAY FLAGS, ONE, SIZE 


This statement allocates memory to ar- 
ray FLAGS for a length corresponding 
to the contents of variable SIZE. 
FLAGS was declared earlier in the pro- 
gram as: 


FLAGS ARRAY BIN 


This statement sets up an array header 
that indicates the array type, in this case 
binary. The middle operand of the DEF- 
ARRAY statement, labeled ONE, speci- 
fies the initial value of each element of 
the array. After the DEFARRAY in- 
struction, MPS sets a condition code that 
may be interrogated to ensure that suffi- 
cient memory exists to accommodate the 
array allocation. 

MPS has a built-in verb for perform- 
ing a binary search on a sorted array. 
This capability is demonstrated in List- 
ing 2. In this example, BSEARCH per- 
forms a binary search on the array 
WORDS of length LEN (3) looking for 
the contents of variable FIND (HI). The 
result is the value 1, which is stored on 
variable IDX. 

MPS programs follow the traditional 
route to machine code: through an as- 
sembler and linker. Using the intermedi- 
ate assembler code, you can mesh MPS 
modules with software developed in other 
lanuages. If you prefer to write in-line 
assembler code, the compiler supports 
that option, too. 

When it comes time to archive on 
disk, MPS offers four modes of data re- 
trieval. The first two are forward and re- 
verse sequential. The third is random, in 
which records are accessed in any order. 
The index sequential access method 
(ISAM) accounts for the fourth mode. 
ISAM files are structured with self- 
balancing B-trees and up to 12 keys on a 
single file are supported. 


= ee hile program- 
———— ming in the 
land of MPS, 


it doesn’t take long to see that the au- 
thors handcrafted the compiler for the 
micro world. For instance, the instruction 
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ANNOUNCING LOGITECH MODULA-2 VERSION 3.0 


Os 


FREE TURBO PASCAL 
TO LOGITECH MODULA-2 
TRANSLATOR 


(] LOGITECH Modula-2 
V. 3.0 Compiler Pack $99 
Compiler in overlay and fully linked form. 
Linkable Library, Post Mortem Debugger, 
Point Editor 
{| LOGITECH Modula-2 
ss : V, 3.0 Toolkit $169 
Library sources, Linker, Run Time Debug- 
ger, MAKE, Decoder, Version, XRef. 
Formatter : D 
tS) [] LOGITECH Modula-2 
V. 3.0 Development System $249 
Compiler Pack plus Toolkit 


= vo eee FREE é : 6 


With Compiler Pack or Development System 
L_} Window Package $ 49 
Build true windowing into your 
Moduia-2 code. 
(7 Upgrade Package 
Call LOGITECH for information or e 
to receive an order form. 


Heat 
a ae ee ee 


Add $6.50 for shipping and handling. California residents 
‘ add applicable sales tax. Prices valid 
a in US. only. Total Enclosed $ 


Ll VISA [2 MasterCard ©] Check Enclosed 


Card Number Expiration Date 


Signature 

Namie : a 
Address 

City 


A Siveti ss Zip 


Now you can play Assembler 
in the key of C. risC" from IMSI: 


Sometimes you've just got to write in Assembler. It's 
tedious. But it makes the machine perform. 

When you're used to writing in a friendlier and easier 
language like C, working in Assembler is a little like 

working in Greek. But now, there is a better way to 
gun AH write Assembler code. Add unbelievable speed to 
===>" program development. And make programs easier to 

maintain. It’s called risC. 

risC transposes for you. Fast. risC is the first portable, C-like, object- 
oriented, High-level Assembly Language (HAL). It includes features of 
object-oriented high-level languages like Smalltalk, Objective C, LISP and. 
PROLOG. 

You write in a C-like syntax, and risG transposes to Assembler. At 
Assembler speeds. With tight Assembler precision. . 

Your objects will work in concert. With risC, your program costs will 
go down, because you can create objects and operators to go with them. 
And risC contains a complete object-oriented messaging kernel (source 
code included) which allows risC objects (.EXE files) to pass messages back 
and forth. 

Add your own personal touch. You can tailor the language to your 
own personal style. risC’s flexible syntax allows you to 
create customized compilers thanks to its lan- 
guage extension capabilities (“packages”). risC 
keeps “packages” in compiled form for speedy 
compilation times. Your development process 
will go faster than ever before. 

Your program development costs will be reduced 
even more because risC allows you to specify 
the exact Assembler code generated by each object/ 
operator combination. Producing .ASM files with risC 
variable names and comments intact. 

risC helps you identify when you're off key. 
You'll have better applications. Faster and cheaper. 
Because risC allows debugging two ways: under its own 
source code debugger, DBG, and under Microsoft's 
CodeView. To bring down your development time and 
costs even more, risC interfaces with a large variety of 
existing .OBJ library routines. 


WD ~ 


2 
Yip. 7 
Y 


It’s easy to take with you. 


So you can easily port your applications to other 
y Wy, current and future machine architectures. 

Y, VE a risC is a sophisticated programming tool. 

By, Jill . tisC has compiler options allowing you to inter- 
LYLE face with many different C and Pascal compilers 

and with different 8086 models—‘NEAR; ‘FAR} and ‘INTERRUPT: So if 

you're a serious programmer, you'll find risC is a serious programming tool. 

It’s just easier. 


Resa) 


Microsoft and CodeView are registered trademarks of Microsoft Corporation. 


Order today. And play Assembler in the key of risC. 
Only $79.95, with a 30-day, money-back guarantee. In CA add 6% sales tax. 
To order risC, just call IMSI at (415) 454-7101, or call toll-free, 1-800-222-4723. (In CA call 
1-800-562-4723).. If you prefer, return this coupon with your credit card #, or a check for $79.95 to 
IMSI, 1299 4th Street, San Rafael, CA 94901. Please add $3.00 shipping and handling. 
Title. 


Name. 


Firm. 
Address. 
City. State Zip. 


Visa® [] MasterCard® PS a Wc exp date. = + 3 aes 


Signature= sail skates Se te et SA eA 
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Unlike Assembler, risC creates portable programs. 


risC by SUEE | 
oo 


HELP loads a specially formatted file 
from disk and displays its contents on the 
screen. The advent of MPS’s HELP 
probably marks the first time on-line 
user assistance has been packed into a 
Single instruction. 

Other MPS instructions that show 
close tailoring to the MS-DOS environ- 
ment are EXECUTE, MKDIR, 
SCRNREST, and SCRNSAVE. 
EXECUTE invokes an external program 
from disk and runs it in a chaining-type 
sequence. The compiler offers a related 
instruction, EXECDOS, that loads and 
executes a program, leaving the calling 
program undisturbed for terminate-and- 
stay-resident applications. 

MKDIR creates a subdirectory. As you 
may have guessed, its counterparts 
CHDIR and RMDIR change and re- 
move directories, respectively. 
SCRNREST and SCRNSAVE restore 
the screen image from and save it to a 
virtual screen, respectively. Effectively, 
they allow a program to instantly swap 
images between multiple virtual screens. 

A language’s ability to cope with a 
network is increasingly important in to- 
day’s programming environment. MPS 
makes a strong showing in this category. 
The compiler provides verbs for locking 
and unlocking records and retrieving an 
application processor’s station number. 
These functions are compatible with No- 
vell’s Netware. 

To flush out logic bugs, MPS provides 
a trace facility through compiler direc- 
tives. The trace results, consisting of the 
source code line number for each instruc- 
tion as it is executed, are listed on the 
printer or displayed on the screen. Ex- 
ecuting a program with this trace initiat- 
ed is like opening the lid on the 
microprocessor and watching the gears 
grind through each instruction. 

Another key compiler option triggers 
automatic assemble and link if no errors 
are found. Cross-reference, printed-list- 
ing, and conditional-compilation flags 
round out the list of notable options. 

The fact that MPS’s compiler is writ- 
ten in MPS demonstrates the versatility 
of the dialect. Software jocks faced with 
solving scores of simultaneous differen- 
tial equations in weather-forecasting 
problems will bemoan the language’s 
lack of number-crunching prowess. But 
for general data-processing applications 
in a DOS environment, MPS has merit. 

MPS is available from Systems Facili- 
ties Inc., P.O. Box 7079, Charlottesville, 
Va. 22906, (804) 977-5245. | 


Ed Joyce, a seasoned veteran of a dozen 
computer languages, is author of Mo- 
dula-2: A Seafarer’s Manual and Ship- 
yard Guide. 


‘s offer the closest conformance currently available to the draft ANSI C 
| 68020 and eee er) and es cae code Eee oy goF 


A PASCAL COMPILER 

You can program as much as you want in ISO Standard Pascal, or use the 
powerful extensions we’ve added to this production quality compiler. And 
you get complete integration with’C and assembly language as well. 


Working together, the 68K Cross Development Tools deliver both 
optimized performance and improved programmer productivity. 
Best of all, Whitesmiths offers everything you need at a very com- 
petitive price. We've been delivering and supporting high quality 
software development tools since 1978, and we’re committed to 
continually enhancing our product line. 


If you develop 68000 programs on a DEC VAX, an IBM PC, ora 
UNIX workstation, chances are we can save you time and money. 
For more technical details, call our toll-free number today. We also 
offer attractive packages for OEMs. 


Texas Instruments has 
system developers need. 


“Personal Consultant™ Plus eee offers Personal Consultant Plus 3.0 Standard Features 


— Frames, rules, meta rules and procedures 
— Forward/backward chaining 


@ a 
a very fine expert system development oe een 
d deli Se ay 
and delivery tool that already has =n naa Lous 28, ost, 
— Complete LISP development environment 


a proven record with end-users.” se cae 


— Context sensitive help 
— “Getting Started” tutorial-style manual 


Personal Consultant Images 
— Optional add-on package to PC Plus (3.0) 
— Allows integration of “active images” into 


— Susan Shepard, AI Expert 


what serious ex 
Power tools. 


knowledge bases Mis oe 

— Interactive dials, gauges, forms and selection 
images 

— Multiple images can be combined on. same 
screen : 

— “Getting Started” tutorial-style manual 


Personal Consultant Online 
— Optional add-on package for PC Plus (3.0) 

— ONLINE expert systems that interact directly with 

rocess data 

— Multiple interfaces to data acquisition and 

analysis programs 

- one ane base synchronization with process 

ata 

— Functions for historical and predicted trends 

= Sper user interface/reporting capabilities 
— “Getting Started” tutorial-style manual 


ee all the expert system devel- 
opment tools available for personal 
computers today, none deliver the 
power and flexibility of TI’s Personal 
Consultant series. 

Personal Consultant Easy is ideal for 
getting started, and is upwardly com- 
patible with the higher functionality of 
PC Plus. For experienced developers, 
Personal Consultant Plus and its 
optional add-on enhancements, Online 
and Images, were designed to help solve 
a broader range of complex problems. 


er 


package helps deliver expertise that is 
“online all the time.” 


Application delivery as flexible as the 
tools themselves. 

Delivery can be in LISP for flexibility, 
or “C”* for maximum speed and porta- 
bility. Our “C” options support either 
stand-alone or “embedded” knowledge 
bases. Options are available for DOS- 
based PCs, TI’s Explorer, and DEC’s 
VAX™ line of multi-user minis running 


under VMS™. 


Expert System Development Environment 


PC PLUS 


Frames, rules, meta rules, procedures 


Interfaces with: 
+ Lotus 1-2-3 


+ dBase Ii, Ili, {II Plus 


- DOS files 


+ EXE and .COM programs 
Customize in LISP or “C” 


PC ONLINE 
_ Process Monitoring — 


° 
3 
3 


FOR DELIVERY ON 


8088/286/386 
LISP or “C”Delivery 
Embedded or Stand-alone 


Personal Consultant Plus. Full power 
for an affordable price. 

At $2,950, PC Plus has proven to be 
one of the richest and most flexible 
problem-solving tools available for the 
development of complex knowledge- 
based systems. Designed to take 
advantage of today’s more powerful 
286/386 DOS-based computers, or TT’s 
Explorer™ Symbolic Processing System, 
the new 3.0 version of PC Plus provides 
powerful standard features and a contin- 
uing growth path with the addition of 
either PC Images or PC Online, or both. 


Personal Consultant Images. Picture 
an expert system with interactive 
graphics. 

At $495, PC Images enables developers 
to create knowledge-based applications 
that incorporate complex graphical 
“active images.” User-interactive dials, 
gauges, forms and selection images pro- 
vide a more exciting visual data input 
and output style. 


Personal Consultant Online. The 
expert system as part of the process. 
At $995, PC Online allows the devel- 
oper to design expert systems which 
interact directly with process data, as 
opposed to input from a human oper- 
ator. Designed for intelligent process 
monitoring applications, this optional 


EXPLORER 
Common LISP Delivery 


“C” Delivery 
Embedded or Stand-alone | 


“Texas Instruments has done more 
than any other company to educate 
people about AI, to popularize it, and 
to make useful AI tools available at 
reasonable prices.” 

— Jim Seymour, PC Magazine. 


Technical support, training courses and 
Knowledge Engineering Services are 
available for the Personal Consultant 
products. If you have a question about 
any of our expert system power tools, we 
have the answer. 


Pick up the phone and gain a powerful 
advantage. 

Call 1-800-527-3500 for technical 
overviews of our products and a PC Plus 
case histories brochure which details 
how our power tools are being put to 
work today. 


36106 

© 1987 TI 

Personal Consultant and Explorer are trademarks of 

Texas Instruments Incorporated. 

dBase is a trademark of Ashton- Tate. 

Lotus 1-2-3 is a trademark of Lotus Development Corp. * 

VAX and VMS are trademarks of Digital Equipment Corporation. 
* Available 4Q 1987. 


TEXAS 
INSTRUMENTS 


Avoid extra steps. 


Greenleaf Dania 


You’ve got better things to do than repeat the same steps. ( 
Over. . . and over. . . and over. Up your productivity with and Turbo C 
Greenleaf Software. DataWindows, the finest C 


With more than 70 new functions added to our popular libraries, 
Greenleaf is now the most complete and mature C language function 
resource available. It’s no wonder we’ve been rated the best. Winning 
program developers in major corporations such as IBM, EDS and GM 
have proven our reliability in thousands of applications. 

Step Ges =~ 

New Greenleaf Functions v.3.10 includes 295 of the functions you’ve 
been asking for — DOS, disk, video, color text and graphics, string, 
time/date, keyboard, plus many more! With Greenleaf, 
you'll finish faster. 


Cut Corners By, S 
When it comes to merging information, the new Greenleaf Comm 


Library v.2.10 is the fastest communications facility of 
its kind. Over 120 functions — ring buffered, Call Toll Free: 

Get on the Fast Track 

Order your new Greenleaf library today! See your In Texas and Alaska: 


interrupt-driven asynchronous communications. And, 
dealer or call 1-800-523-9830. 
Greenleaf Comm Library si.0 CREENILEAF ‘I Adds Bad 


programming windows tool 
available, puts windows, transaction 
data entry and menus at your 
fingertips. 

Our new TURBO C versions are 
ready to get you going fast! And, 
our new 3-in-1 C Sampler for only 
$94.50 supports both Turbo C and 
Quick C with comm, windows, 
menus and more! Our libraries 
support all popular C compilers for 
MS DOS. 


only Greenleaf gives you the power to build a 16-port 
communication system. 


Greenleaf Functions $185.00 

Greenleaf DataWindows $225.00 

Greenleaf C Sampler $ 94.50 

Digiboard Comm4 $325.00 Greenleaf Software, Inc. 

Digiboard Comms $535.00 16479 Dallas Parkway, Suite 570 
In stock, shipped next day. Dallas, Texas 75248 
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Each month Product Bingo features the latest in new 
software and hardware products of interest to 
COMPUTER LANGUAGE readers. Send new product 
information to Regina Starr Ridley, Editor, COMPUTER 
LANGUAGE, 500 Howard St., San Francisco, Calif. 
94105. 


Lint remover 
MMC AD Systems has released the C Programmer’s Tool- 
box Volume II for the IBM PC and compatibles. Among the 
11 new tools are Clint, a C program syntax checker, 
CXref, a tool for checking and tracing symbol usage, and 
CritPath, a critical path checker. For use with any C com- 
piler and supporting development tool, the toolbox now 
contains 23 tools and can be used by beginning and ex- 
pert C programmers. $79.95 or $130 with Volume I. 

MMC AD Systems, Box 360845, Milpitas, Calif. 95035, 
(408) 263-0781. 
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Master of the COBOL 
RM/MASTER COBOL is the first in the RM/Master series of 
products that features a range of development tools com- 
bined to provide integrated development environments. 
Included is a full-screen text editor, screen painter, report 
program generator, and data dictionary. It has a high-lev- 
el, ANSI 74 COBOL compiler with a menu development 
system and bridge that provides a standard interface be- 
tween applications software and dissimilar hardware and 
operating systems. 

Austec/Ryan-McFarland, 609-Deep Valley Dr., Rolling 


Hills Estates, Calif. 90274, (213) 541-4828. fe 
“fo measure execution time from ‘‘go”’ to breakpoint. The 
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Two in one 
Microsoft’s QuickBASIC 4.0 compiler combines the speed 
of a compiler with the interactive compatibilities of an in- 
terpreter. lt features user-defined records, program outlin- 
ing, integration with the Microsoft CodeView debugger, 
and compatibility with other Microsoft languages. Each 
line of source code is compiled as it is typed, and no re- 
compile is necessary. $99; $25 for 3.0 owners; $35 for 
owners of other previous versions. 
Microsoft Corp.,-16011 NE 36th Way, Box 97017, 

Redmond, Wash: 98073-9717, (206) 882-8080. 
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Compiling in an instant 
Synergy Systems has introduced a new utility for Turbo 
Pascal programmers that reduces the time spent compiling 
programs. Instant Compile lets programmers return their 
compilation to the save state they were in before errors 


By Johanna Kleppe 


were encountered. $49 
Synergy Systems, 1124 Oak Glen Cir., Fort Worth, Tex- 
as 76114, (817) 654-5400. 
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Sie eRe 
Take two! 


United Software Security has released Take Two Man- 
ager, hard disk backup software with a pop-up file man- 
ager, footnote annotation feature, and report generator. 
Take Two Manager periodically does an automatic full 
backup that frees up older disks without losing files. 
United Software Security, 8133 Leesburg Pike, Ste. 

800, Vienna, Ga. 22180-2507, (800) 892-0007. 
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Relief for memory headaches 
Version 7.0 of the APL*PLUS System is an application de- 
velopment system with increased memory capabilities. Its 
features include virtual workspace mode, LOTUS/INTEL 
expanded memory specification support, and new ANSI 
standard graphics drivers that increase hardware support. 
$695; $150 for registered users’ update 

STSC, 2115 East Jefferson St. Rockville, Md. 20852, 
(301) 984-5000. 
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Set your STOPWATCH... 


STOPWATCH is a memory-resident utility that measures 
and presents the total and component times of programs 
executed on PC/XT/AT and compatible units. STOP- 
WATCH can be used with DEBUG, SYMDEB, or CodeView 


non-copy-protected diskette includes the STOPWATCH 
program and sample BASIC, dBASE, LOTUS 1-2-3, C, and 
assembly language source programs that demonstrate the 
use of STOPWATCH with these languages. $59.95 
Custom Real-Time Software, P.O. Box 1106, West 
Caldwell, N.J. 07007, (201) 228-7623. 
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Enhancements for Pascal 
A new Pascal-2 compiler and development system for the 
Atari ST has been released by Metacomco. The compiler 
offers single- and double-precision floating point arithme- 
tic, full 32-bit pointers, sequential and random access files, 
dynamic strings, conditional compilation, and separate * 
compilation. $99.95; upgrades for registered users: $62 

Metacomco, 26 Portland Sq., Bristol BS2 8RZ, U.K. In- 
ternational: 44-272-42878 1 
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Motorola MC680x0 
(w/wo 68881) 


Apollo, Sun, SGl.... 


National 
Semiconductor 2 


Atari's 
GEM-DOS 


NS320xx 


BSD 4.x BSD 4.x 


bie sou aC 
XENIX ULTRIX V AX 


BSD 4.x 


80(,1,2,3)86 
80(,2,3)87 
Weitek 1167 


PC AT, PS/2 
Compaq, 
Compatibles 


i.e 
PC/MS-DOS 
os/2 
FlexOS 


PC-MOS IBM Resident, IBM 
ee E m bedded, 
et REO nen iecs 370° 


We cut our teeth on UNIX, but have become famous on MS-DOS, which we enhanced with our UNIX-like DOS 
Helper ™ utilities: find (including tar), fgrep, cat, Is, mv, tail, unig, and wc; and our superior optimizing compilers: 


Professional Pascal ™ and High C ™ on the PC are now well-respected by organizations such as Ansa, Ashton-Tate, 
AutoDesk, Boeing (BCS), Daisy Systems Corp., Deloitte Haskins & Sells, Digital Research, GE, IBM, Lifetree, 
Migent, Multimate, NYU, Silvar-Lisco, Sky Computers, Symantec, Xerox/Ventura, ...and Computer Language 
magazine; Dr. Dobbs’ Journal; PC Tech Journal; PC Magazine; and the Journal of Pascal, Ada, and Modula-2. 


We supplied the first compilers generating 32-bit protected-mode code for the 80386 under MS-DOS (since 11/ 
86).. And our newly upgraded MS-DOS real-mode compilers were used by Symantec for their Q&A™ product to 
exploit the power of the 80386 real-mode instruction set. (HC v1.4 and PP v2.7 released May 1987.) 


Our C Validation Suite will blow your C compiler out of the sea, while our C compiler tracks the emerging ANSI 
Standard and generates tighter code with far better lint-like feedback help than competing compilers. 


And you’ll love Professional Pascal’s Ada-like packages, true data abstraction, C-like bit manipulation, and much 
more, along with the tight code that is linkable with High C, or other C, object modules (and vice versa). 


Our Translator Writing System (TWS) goes far beyond LEX and YACC, with fully automatic error recovery... 
All uniformly implemented on UNIX, VMS, CMS, MS-DOS, FlexOS, ... ° 


Professional developers in need of industrial-strength tools contact: 
; MetaWare Incorporated 


903 Pacific Avenue, Suite 201 
a Santa Cruz, CA 95060-4429 
Mats NN sre (408) 429-6382 


INCORPORATED Telex: 493-0879 (META Ul) 
PC Tech Journal’s conclusion: 


The Clear Choice for Large Programming Projects. 


Name CL 05/87 Circle what interests you: 

Company Product: PP HC TWS_ Helper (DOS only) + 
Address ieee Platform: V.x 4x DOS FlexOS VMS CMS 
City, ST Zip Sun Apollo Atari VAX 370 

Phone ( ) 8086-family 80386 680x0 32032 


© 1987 MetaWare Incorporated. MetaWare, High C, Professional Pascal, and DOS Helper are trademarks of MetaWare Incorporated. Others/ owners: Ada/DoD; 
Apollo/Apollo; Atari/Atari; DEC, VAX,VMS/DEC; FlexOS,GEM-DOS/DRI; IBM,RT PC/IBM; MS-DOS/Microsoft; Q&A/Symantec; Sun/Sun Microsystems; UNIX/AT&T. 


Footnotes: 1. Atari, CMS versions available 10/87. 2. NS320xx version by special order. 3. UNIX not yet available on 370. CL 12/87 
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All programs referred to in this reader- 
inspired column are available by 
downloading the programs off of any of 
the COMPUTER LANGUAGE 
Bulletin Board Services (see page 4 for 
the list of BBS phone numbers) or 
CompuServe (type ‘GO CLM” at the 


prompt). 


Rely on it 


Originally designed for a political can- 
didate in an Austin, Texas city council 
election to record supporters, the Reli- 
ance Mailing List (MAIL210.ARC) 
maintains a data file of names, address- 
es, and other information. 

Created by William Meacham, the 
Reliance Mailing List can hold a maxi- 
mum of 32,000 names and will simulta- 
neously print up to three labels. Four 
separate report formats are available, 
and a merge-mail command exports data 
to other programs. Using yes/no criteria 
you can select eight different sublists in 
the data file, and a special “precinct” 
field can be used to choose names. The 
program offers six ways to select output 
and sorts by last name or ZIP code. 

Version 2.0 offers several new fea- 
tures, including five different types of la- 
bel printouts and three new list formats 
You can also temporarily stop printing to 
add more labels. (There’s even a test pat- 
tern in the program that runs after the 
pause so you can align the labels.) 

To ensure minimal data loss in case of 
power failure, buffers are flushed after 
five additions or deletions. The new ver- 
sion also reads the current system date 
and logged drive as defaults when you 
begin the program, and a special utility 
program available to registered users re- 
covers damaged data files. 

The Reliance Mailing List is classified 
as shareware, and you can try the pro- 
gram on a trial basis for free. Registra- 
tion fees are $25 (no manual) or $35 
(with’ manual) sent to William Mea- 
cham, 1004 Elm St.,'Austin, Texas 
78703. Registrants will receive additional 
utility programs to manipulate data and 
reconstruct the master file should disk 
errors occur. They will also receive re- 
duced prices on future upgrades. 


Survival of the fittest 


Are you ready to compete? Darwin, a 
computer game for assembly language 
computer programmers, has been adapt- 
ed for the 68000 microprocessor by G.A. 
Edgar. Invented by Victor A. Vyssotsky 
at AT&T Bell Laboratories in the early 
60s, Darwin is played by competing com- 
puter programs. Each player kills off en- 
emy programs and/or multiplies by 
copying itself to empty spaces in com- 
puter memory. 

This survival-of-the-fittest competition 
for programmers is played in an area of 
computer memory called the arena and 
is mediated by an Umpire. The species is 
one player’s set of programs (organisms). 
Using three different calls, PROBE, 
KILL, and CLAIM, the organism in con- 
trol can communicate with the Umpire. 
PROBE is the call used to ask what is in 
a particular part of the arena; KILL is 
used, obviously, to kill another organism; 
and CLAIM is used to claim empty 
space for the organism to reproduce. 

Edgar’s Umpire runs on a Macintosh 
(Figure 1). The organisms, howev- 
er, use pure 68000 assembly language, 
which allows programmers of different 


Darwin’s Umpire 
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68000 machines to compete with each 
other. This also means that the Darwin 
species for 68000 may not use any of the 
standard Macintosh assumptions. The 
species are to be written in Motorola- 
compatible 68000 assembly language. 
File names are DAR68K.TXT (general 
explanation) and DARMAC.BIN (Dar- 
win application for the Macintosh com- 
puter with a few sample binary species 
that can compete against each other). It 
is encoded using Packit and MacBinary 
in the usual Macintosh way. 


Do you have code for us? 


If you’ve written a program you'd like to 
see distributed free of charge to COM- 
PUTER LANGUAGE readers, send us a 
two- to four-paragraph summary of what 
the program does, how you can make it 
electronically available to our magazine 
(bulletin board transfer, disk format, 
CompuServe, etc.), and whether you’d 
like your name, address, and phone num- 
ber included in the magazine. 

Address all correspondence to Regina 
Starr Ridley, Editor, COMPUTER 
LANGUAGE, 500 Howard St., San 
Francisco, Calif. 94105. 
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Introducing 


DATABASE 


Programming & Design 


the first magazine to focus on practical, technical 
Solutions for DBMS specialists 


—from the publishers of Al Expert, Computer Language, and Unix Review 


Now, for the first time, MIS/DP managers, database administrators, designers, ana- 


-lysts and other technical managers will have one information source that concentrates 


on the technical side of database management systems. Written for technical special- 
ists, DATABASE PROGRAMMING & DESIGN is geared to answer your most 
pressing design and programming questions. In technical depth. 


Our editors know that DBMS people face big 
challenges. How to meet, design and manage 
corporate information requirements. How to 
cut down on the applications backlog. How to 
increase ‘productivity of DP systems and end 
users. Designing custom applications. Evalu- 
ating, choosing and using software products 
specific to DBMS needs. 


DATABASE PROGRAMMING & DE- 
SIGN, every month, will help you meet these 
technical challenges. By concentrating on 
hard, usable DBMS-specific information you 
need, our editors will save you hours and 
hours of time from trial-and-error mistakes. 
They'll give you the help you need with your 
management and technical problems.. 


Every monthly issue will bring you 
practical, helpful topics like these: 


© DB2 support tools distributed query pro- 
cessing @location transparency e operating 
system independence e normalization ¢ con- 
ceptual data modeling e structure and data in- 
tegrity © security barriers e automated design 
tools edata migration e productivity tools 
© gateways eSQL dialects ° real-time moni- 
toring ¢ data recovery e end-user interfaces 

And every month you will have these special 


columns written by technically competent edi- 
tors and contributors: 


e Database Design—tips and techniques for 
designing complex databases on medium 


and large systems—both theory and practi- 
cal implementations of design methodology. 


Micro Interface—a detailed evaluation of 
the new development approaches and prod- 
ucts that have migrated up and down be- 
tween large systems and microcomputers. 
How to port applications either way. 


e Shoptalk—offering practical solutions to 
problems commonly faced by database 
administrators. 


e For Managers Only—lively discussions for 
high level MIS managers on subjects like 
training, increasing and measuring produc- 
tivity, and corporate strategies. 


e Product Watch—objective reviews of new 
DBMS products from mainframe database 
managers to development software to pro- 
ductivity tools. 

e Database Library—reviews of new books 
and summaries of technical articles from as- 
sociation journals, newsletters and other 
magazines. 

DATABASE PROGRAMMING & DE- 

SIGN is guaranteed to help you solve your 

technical database problems and increase sys- 

tem performance..~ + 


Because DATABASE PROGRAMMING & 


DESIGN is edited strictly for professionals, 


the press run for the Premier Issue will be 
very limited. To assure receiving your FREE 
copy, please return the coupon today. 


No-risk charter offer for 
readers of Al Expert, Computer 
Language and Unix Review 


Because you are a valued reader of one or 
more of our associated technical programming 
magazines (AJ Expert, Computer Language, 
and Unix Review) you are entitled to several 
extra bonuses: 


ea FREE Premier Issue. 


©a special Charter Subscriber rate, should 
you decide to continue, of just $37 for a full 
year’s subscription. That’s $20 off the regu- 
lar $57 rate. 


©a guarantee that if the Premier Issue does 
not live up to your expectations you may 
cancel and owe nothing. 

Send to: DATABASE PROGRAMMING & 

DESIGN, P.O. Box 10716, Des Moines, IA 

50309 


YES! Please put my name on your database as a Charter Subscriber to DATABASE PRO- 
GRAMMING & DESIGN, the magazine providing practical, technical solutions to DBMS 
specialists. I understand I will receive the FREE Premier Issue (while the supply lasts) and if I 
decide to continue, a full year’s subscription for only $37, a $20 savings off the basic subscrip- 


tion price. 


Note: Canadian delivery, US$43. Other international, US$49—please send payment with order 


in U.S. funds drawn on a U.S. bank. 


Please check: __ Payment enclosed __ Send a bill __ Charge to: 


___ Visa __ MasterCard ___ AmEx Card # = 
Exp. date Signature 

Name 

Company 

Address 

City State/Prov. Postal Code 


CIRCLE 55 ON READER SERVICE CARD 


S7CL 


SOFTWARE REVIEWS 
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Modula-2 
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System requirements: IBM 

~PC/XT/AT or compatible, 
512K recommended, DOS 
2.0 or later, two floppy 
drives or floppy plus hard 
disk, mouse recommended 

Price: Compiler Pack 
(compiler, linkable library, 
post-mortem debugger, 
editor.—$99; Toolkit (library 
sources, linker, run-time 
debugger, Make, decoder, 
Version, XRef, formatter)— 
$169; Pere lal System 
(Compiler Pack plus 
Toolkit —$249, Window 
package—$49 

Available from: Logitech 
Inc., 6505 Kaiser Dr., 
Fremont, Calif. 94555, 
(800) 231-7717 or 
(800) 552-8885 in Calif. 

Support: Unlimited free 
support via technical support 
line, bulletin board, BIX 


C and Pascal programmers have long 
been aware of the theoretical advantages 
of Modula-2, but most have refrained 
from jumping on the bandwagon due to a 
lack of professional-quality development 
tools. With its Modula-2 v. 3.0, Logitech 
should answer the critics’ objections. The 
new release brings with it significant en- 
hancements, including the ability to pro- 
duce OBJ files that are linkable with the 
MS-DOS linker, which allows easier in- 
tegration of Modula-2 with assembler, 
Pascal, C, and other languages. This im- 
provement is indicative of many that 
make Logitech Modula-2 a strong con- 
tender as the language of choice for seri- 
ous software development efforts. 
Version 3.0’s Point Editor is a great 
improvement over the MOD editor sup- 


plied with v. 2.0. It is quite flexible, fit- 
ting just about any set of requirements 
and preferences. Commands are totally 
configurable, up to and including the 
number, placement, and contents of pull- 
down menus. The keyboard is also totally 
reconfigurable; few things cannot be cus- 
tomized to suit your own idiosyncracies. 

This doesn’t mean that everyone will 
love the editor. As you might expect 
from one of the industry’s leading mouse 
vendors, Logitech presumes the program- 
mer has a mouse. Although it is theoreti- 
cally possible to use keyboard commands 
alone, we don’t recommend it. Equivalent 
keyboard commands emulate mouse mo- 
tion and clicks, requiring more key- 
strokes than most keyboard-oriented 
editors. 

Naturally, the editor commands as- 
sume the user has a three-button Logi- . 
tech mouse, but we tested it with two- 
button Microsoft mice and had no 
problems. Pressing both the Microsoft 
mouse buttons is equivalent to pressing 
the center button of the Logitech mouse. 

With a mouse, the editor’s response 
time is very quick; without one, it’s slug- 
gish. Bottom line: if you like mice, you’ll 
love the Point Editor. If not, you prob- 
ably won’t use it except possibly for a fi- 
nal debugging pass. 

Logitech has reserved 56 commands in 
the Point Editor for extensions or exter- 
nal programs. Using the extensions sup- 
plied in Logitech’s M2ASSIST config- 
uration file, the programmer can edit, 
compile, link, and execute a Modula-2 
program without leaving the Point Edi- 
tor. If the code fails to compile cleanly, 
the editor displays the source code and 
compiler error listing in a pair of syn- 
chronized windows, with both the offend- 
ing source-code line and the correspond- 
ing error message highlighted for 
inspection and correction. 

Logitech’s v. 3.0 improvements aren’t 
confined to the editor. The compiler also 
shows evidence of enlightened tinkering. 
Two versions are supplied, the better to 
meet the requirements of a variety of 
programmers and platforms. M2C.EXE 
is fully linked and requires 512K of free 
memory. M2COMP.EXE uses six over- 
lay files to reduce memory requirements 
to 290K, but it compiles more slowly. 


Previous versions of the compiler pro- 
duced proprietary LNK files that were 
linked together into LOD files. LOD 
files could then be executed within the 
Logitech environment or converted to 
EXE files. With v. 3.0, Logitech has 
completely abandoned these intermediate 
file types and procedures. Gone are the 
LNK files, replaced with linker-compati- 
ble OBJ files. As before, DEF definition 
modules are compiled into SYM files; 
MOD implementation and program 
modules are compiled into REF and OBJ 
files. 

The compiler features three new op- 
tions, one of which should cause great re- 
joicing among disciples of Niklaus 
Wirth: register trace optimization. This 
option allows the programmer to reduce 
code size and increase execution speed— 
by 10% each, if Logitech estimates are to 
be trusted. Other options include a float- 
ing-point arithmetic error test switch and 
the ability to generate information need- 
ed by the Logitech linker. 

Compiler options can be specified at 
evocation or in M2C.CFG, a configura- 
tion file that is loaded and interpreted by 
the compiler as if the options had been 
typed on the command line. Unfortu- 
nately, Logitech does not permit the use 
of separate configuration files for differ- 
ent applications. The programmer can 
create different configurations and copy 
them to M2C.CFG just before compil- 
ing, but this process is less convenient 
than maintaining a library of configura- 
tions for use under various 
circumstances. 

Other important features include an 
extension to the language definition that 
allows sets larger than the word size of 
the host processor. Sets may now contain, 
up to 255 elements, which allows use of 
SET OF CHAR without resorting to 
kluges for simulating large sets. 

Programmers who purchase the basic 
3.0 Modula-2 compiler do not receive a 
linker. Instead, they are instructed to use 
the Microsoft MS-DOS linker. The link- 
er included with the development system 
is MS-DOS-compatible, but Logitech 
has added a measure of intelligence. 
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For DOS, Microport 
The Advanced UNIX, SCO Xenix or 
Programmer's Editor 


That Doesn't Waste Your Time 


OS/2 


Protected Mode 


PSILON 


e Fast, EMACS-style commands—completely reconfigurable 
e Run other programs without stopping Epsilon—concurrently! 


e C Language support—fix errors while your compiler runs 

e Powerful extension language  e Great on-line help system — 
e Multiple windows, files e Regular Expression search 
e Unlimited file size, line length e Supports large displays 

e 30 day money-back guarantee e¢ Not copy protected 


Only $195 
y Call 
Lugaru 


Software Ltd. 


(412) 421-5911 


for IBM PC/XT/AT's or compatibles 


5843 Forbes Avenue 
Pittsburgh, PA 15217 
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Add Data Security to Your C Programs 


me SECURITY 2= LIBRARY. 


You Choose the Security Level 

Algorithms-provided include The National 
Bureau of Standards’ Data Encryption Standard 
(DES) and the Vernam and Vegenere ciphers. 
Encrypt a 10K file in 3:seconds with one method 
or 50 seconds with another. 

Six algorithms are provided, along with 
password and non-password encryption 
schemes. 


Add Fast or Thorough Encryption 
or Compression to Your Programs 
WITHOUT Royalties 


Build the safest and most popular methods of 
protecting your data directly into your program 
without paying royalties. Don’t worry if you’re 
not sure what to use. The discussion of security 
methods in the manual (with demos on: disk) 
will help you make a choice based on your 
application. 


With Security Library you can: 


° Keep files secure on a multi-user network 

° Speed up data transmission and 
communications through data compression 

* Control access based on privileges given to a 
hard disk or LAN user 


“T create custom software for business 
applications. I’m using the Security Library to 
encrypt so that certain information will not be 
readily available. The documentation is 
excellent. It gives a thorough explanation about 
how you can secure a file’ 
— Bruce Philips, Custom Software Design 
Virginia Beach, CA 


Valuable Extras 

The Huffman coding routine can reduce the 
size of a file by 25 to 50%. The routine to change 
the attribute bytes of a file can make that file 
invulnerable to casual browsing or accidental 
deletion. There’s even a program to change 
every byte of a file to a null character - not 
even un-erase programs can recover it then! 


Call 800-821-2492 to order Security 
Library risk-free for only $125. Source 
& Object is $250. 


solution 
Systems ” 


541 Main Street, Suite 410L 
So. Weymouth, MA 02190 
(617) 337-6963 


Requires MSDOS 2.0+. Works with Microsoft C and Computer Innovations” 
C86. Please specify compiler when you order. 
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Logitech describes its linker as intelli- 
gent not because it uses AI but because 
it automatically throws out unused code. 
Modula-2 implementation modules in- 
clude at least one procedure, plus any 
types and variables that may be needed 


‘by the importing program. The linker, 


using information placed in the OBJ 
module by the compiler, determines if 
any procedures or variables within the 
imported implementation module are not 
being referenced. It then extracts only 
the needed procedures. 

Programmers who write large pro- 
grams or programs designed to run in 
small machines will be pleased to know 
that the Logitech linker allows the use of 
overlay maps. Overlaying linkers have 
been available for many years in the 
minicomputer world, but only recently 
have begun appearing in microcomputer 
products. Version 2.0 of the Modula-2 
compiler allowed overlays but required 
the programmer to declare a module as 
an overlay within the source code. The 
new linker allows the programmer to 
write one module that can be used either 
in an overlay or in the main program, de- 
pending upon the application. 

Logitech provides two debuggers for 
use with v. 3.0. A post-mortem debugger 
is included with both the basic compiler 
and the development system, while a 
run-time debugger is supplied with the 
development system only. Both the PMD 
and the RTD are similar to each other 
and to the versions that were supplied 
with previous releases of the compiler. 
However, significant improvements have 
been made in both execution speed and 
the user interface. The PMD loads the 
memory dump file (which is now created 
as FILENAME.PMD rather than 
MEMORY.PMD) faster than its 
predecessor. 

Both debuggers use a four-window 
user interface that allows the program- 
mer simultaneous access to the source 
code of the current procedure, the data 
structures used in the procedure, a list of 
modules in the program being debugged, 
and the chain of procedure calls. The 
programmer can zoom any window to 
full-screen size if desired. This is a wel- 
come improvement over the previous ver- 
sion, which displayed just one view at a 
time. The debuggers, like the editor, are 
very heavily mouse-oriented; however, a 
mouse is not required or needed. 

A wealth of module libraries extend 
the language’s usefulness. The source 
code for these libraries, a separately or- 
dered, extra-cost option. with v. 2.0, is 
now included with the development 
system. 

Several of the new modules handle bit- 
level operations. Bit-manipulation opera- 
tions on the block, byte, and word levels 
are supported, as are modules for per- 
forming calendar calculations and for- 
matting. Two debugging modules are 


available, one for use with the post- 
mortem debugger and one that presum- 
ably traces the chain of procedure calls 
leading to a program crash, although this 
problem is undocumented except for the 
source code. Another module simplifies 
writing programs that shell to DOS. 

Also new with v. 3.0 is a module of 
graphics primitives, but unfortunately it 
only supports the Monochrome Display 
Adapter and the Color Graphics Adapt- 
er. No support for the Enhanced Graph- 
ics Adapter or Hercules Graphics is pro- 
vided. If you like to write UNIX-style 
utilities that support redirection, you will 
be happy to learn that a module is now 
included to access the standard console 
device. 

Several programs designed to make 
the programmer’s life easier come with 
either the standard compiler or the devel- 
opment system. The programs available 
only with the development system are 
collectively distributed and documented 
as the Toolkit; the programs that come 
with all systems are documented in the 
reference manual. 

Programs bundled with the basic sys- 
tem include M2DECODE, which disas- 
sembles OBJ modules into standard as- 
sembler format. It does not return the 
code to its original source form, however, 


Sieve of Eratosthenes 


Compile 
options 
Logitech Modula-2 v. 2.0 rt/s+/t+ 
(Link times =Linker+ 
LOD2EXE) 
r-/s-/t- 
Logitech Modula-2 v.3.0 ~ none 
(Stack size= 20,000 none 
on all links) none 
fo+ 
[r-]s-[t- 
[6+/r-/s-/t- 
Jo+]r-/s-/t- 
Borland International default 
Turbo Pascal v. 3.0 (/r-/s-/t-) 


Compiler options: 

/o = Register trace optimization 
/r = Range and overflow test 
/s = Stack test 

/t = Index and NIL pointer test 


_ Linker options: 
/p = Produce packed .EXE file 
/o = Delete unreferenced procedures 


nor does it decode EXE files. A cross- 
reference utility is also included, as is a 
version-control utility. Both appear to be 
identical to their v. 2.0 counterparts. 
Also included in v. 3.0 is the Make util- 
ity that was optional with v. 2.0. 

Among the development-system-only 
programs is M2FORMAT, a Modula-2- 
specific prettyprinter for producing for- 
matted listings. The user can specify al- 
most any conceivable way of formatting 
code with this tool; the only bad part is 
the tedium of editing the template file. 
Luckily, this task needs to be performed 
just once. The sophistication of this pro- 
gram is amazing for such a plebian tool. 
The only condition I was unable to con- 
trol was a large compound expression - 
with many parentheses. I wanted 
M2FORMAT to break the code in a 
specific way at the ANDs and ORs, but 
it wouldn’t cooperate. 

Also bundled with the development 
system is the Turbo Pascal translator 
that Logitech introduced after the v. 2.0 
compiler was released. The libraries and 
procedures seem to have been improved 
over the previous release, but we did not 
test them. We have found that the pre- 
vious release worked well, but the con- 
version process is by no means automat- 
ic. Turbo Pascal programs that do much 


Link Size on Size in 
options disk memory 
(bytes) (bytes) 
N/A 12,400 all 
avail 
N/A 12,496 all 
avail 
none 10,190 28,960 
Ip + 9,565 28,992 
Iplo 7,972 27,424 
none 10,172 28,944 
Ip 10,054 28 832 
Ip 10,020 28,800 
Ip/o 7,77) 27,248 
.COM file 12,204 all 
not linked avail 


string manipulation, direct memory ad- 
dressing, in-line assembler, or other 
tricks must be rewritten. 

The Logitech Modula-2 3.0 Develop- 
ment System is distributed as four per- 
fect-bound manuals and 11 diskettes. In- 
eluded are the user’s manual, the Point 
Editor manual, the Toolkit manual, and 
the Turbo-Pascal-to-Modula-2 Transla- 
tor manual. One of the enduring histori- 
cal deficiencies of Logitech’s documenta- 
tion (as well as that of other compiler 
vendors) is a lack of examples to illus- 
trate the use of certain features. Because 
the source code for the libraries is includ- 
ed with the development system, you can 
eventually figure out how a function or 
procedure is supposed to work. But this 
ability is little consolation to the pro- 
grammer whose project is running be- 
hind schedule. 

Installation may be accomplished 
manually or with supplied batch files; ei- 
ther method works well. The organiza- 
tion of the files is straightforward, and 
there is sufficient flexibility to meet al- 
most any need. 

Logitech provides technical support 
through a WATS line, a private BBS, 
and the Logitech.Modula.2 conference 
on BYTE’s BIX service. When we called 
the WATS line, our questions were an- 


Compile Link Execution 
time time time 
(sec) (sec) (sec) 
47 sec 15 34.9 

47 sec 15 26.3 
26 46 31.5 
26 47 co) 
26 59 Seo 
26 46 Oss 
26 46 23.4 
26 46 20.8 
26 46 20.8 

6 N/A a 


Although the Sieve of Eratosthenes is not a good test of real-world performance, it is useful for demonstrating the relative speeds of the two versions of Logitech 
Modula-2. A comparison with Borland International's Turbo Pascal is included for reference. All tests were run on an 8088-based IBM PC running at 4.77 MHz. 
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Ask for a FREE REPORT: "Interviews with Authors & Users: 


How Can These Products Raise Productivity and Help you Write Better Programs?" from 


THE PROGRAMMER’S SHOP 


A RECONFIGUREABLE PROGRAMMER’S 
EDITOR WITH FULL SOURCE CODE 


ME isa high quality programmer’s text editor written specifically for the IBM 
PC. It contains features only found in the more expensive programmer’s text 
editors. These features include: 


s Column cut and paste 

» Regular Expressions 

= Reconfigurable Keyboard 
a EGA Support 
a CTAGS 


a Multiple Resizeable Windows 
= Line marking for source code 
a C-like Macro Language 

= Capture your DOS session 

a Run your compiler and examine errors 


Thisis the ONLY editor which has the features of the RIERETE SAS editors AND 
comes with complete source code. 


New commands and features may be added to the editor by writing programs 
in its macro language. The language resembles the C programming language, 
and comes with a rich set of primitives for handling strings and changing the 
editor environment, plus most of the flow-of-control constructs that come in C 
(for, while, if, break, continue, switch). 


The code is written in standard C, with several key library routines written in 
assembler for speed. The source code option is perfect for OEMs and VARs 
who want to add editing or word processing capabilities to their applications. 
Using the macro language, people have written packages for DBASE, computer 
aided software engineering, and graphics. 


With your purchase, we include macros for incremental search, C templates, 
abbreviation facility, and others. User-written macros are constantly being 
added to our library. 


Here is a piece of a macro to perform incremental searching : 


init() 
Cabin Caste CTRL_S); /* bound to <CTRL> S °/ 
i_search() 


int c, len; 
string pattern; 
save_position(); 
while (c!= ‘\E’) { 
message(streat(”"Incr Search — “, pattern)); 
if ((c = get_tty char()) == ‘\b’) { /* backspace */ 
if ((len = strlen(pattern)) > 1) 
pattern = substr(pattern, 1, len - 1); 
else 
pattern = “”; 


restore . position(); /* go to where we started from */ 


Desa eni /* <CTRL> G means abort */ 


for (len = strien(pattern); len > 0; len = len- 1) 
Gas _position(); /* restore to start position °*/ 


Price for editor and on-line documentation ---- $39.95 
Price for editor with complete source $94.95 


MAGMA SYSTEMS 


138 - 23 Hoover Avenue Jamaica, New York 11435 
For more information, call: (201) 792 - 3954 


P.S. - ME is not the same editor.as.MicroEmacs 


TMS ™ 


THE ULTIMATE IN SCREEN GENERATION SCIENCE 


Save time by drawing any screen in minutes! 
No code to write at all! 


FEATURES: 


e Built in Screen Compiler (converts Screen Images to Object Modules 
without Source Code) 

Mainframe style Transaction Processor 

3270 Keyboard Features 

End User control over Screen Colors 

Realtime Full Screen Editor 


MANY MORE UNIQUE FEATURES! 


REQUIREMENTS: 


@ IBM PC, XT, AT, 3270 PC, or 100% compatibles 
@ Lattice “C” 3.x or Microsoft "C" 4.0 
@ 256K 


List: $295 
PS: $279 


Tel. (914) 245-8392 


For more information write to: 


\.4 
Ze WOLF PAK WOLF PAK RESEARCH, INC. 


RESEARCH. INC. Yorktown Hts., NY 10598 
In Australia: CSC Computer Systems, (03) 749-6046 


Now you see it; Now you don’t! 
TSR’s made easy with /*resident_C*/ 


Finally! You write your C program and we make it resident. 
No strings attached. Want to process interrupts also? No 
problem. /*resident_C*/ is a set of C functions that enable 
you to process interrupts and/or make your programs "ter- 
minate stay resident" like Sidekick. 


We’ve done the research, testing, and grunt work to make 
your TSR programs safe, compatible and easy. Be aware of 
the "ifs, ands and buts" when writing interrupt handling 
software. Only/*resident_C*/ has all that you need to write 
reliable interrupt handlers without the worries. 


We don’t ask you to trust us either. Our manual explains 
what we are doing very clearly and our documented source 
code is available. In addition, our working demos give you 
clear examples of resident programs, interrupt handlers 
and resident libraries. There is no other product that can 
do what /*resident_C*/ can do for you. 


/* resident_C */ is the perfect complement to the other 
library products available from Essential Software. 


Ea List: $99 / with Source add $99 


=< 25 PS: $79 / with Source add $79 


Call or Circle Reader Service Number for Your FREE Study. 


HOURS: 8:30 A.M.-8:00 P.M. E.S.T. 
5-L Pond Park Road, Hingham, MA 02043 
Mass: 800-442-8070 or 617-740-2510 10/87 


SS 800-421-8006 


THE PROGRAMMER’S SHOP * 


Your complete source for software services ang answers 


swered quickly and accurately. The pri- 
vate BBS offers only one-way bug re- 
porting and a collection of modules 
donated to the Modula-2 community by 
various programmers; we wish the BBS 
provided a message base because BIX is 
expensive and unwieldy. 

Modula-2 v. 3.0 has excellent perfor- 
mance specs. As Table 1 shows, the com- 
piler produces optimized code that is 
33% faster than code produced with Bor- 
land International’s Turbo Pascal 3.0. 
The compile-and-link cycle is still slower 
than Turbo Pascal’s, but few vendors 
compete with Borland in this arena. The 
use of the optimizer does not seem to 
slow the compiler down appreciably. 
However, invoking the intelligent linker 
option appears to make the linker run 
about 20% slower. 

We encountered a number of problems 
while testing the language, most related 
to omissions in the documentation. For 
instance, the documentation for the edi- 
tor configuration files does not explain 
how the templates supplied with the edi- 
tor are supposed to work. Nor does the 
manual explain that the programmer 
needs to modify the M2ASSIST config- 
uration file to bind external commands 
to selected keys. We feel Logitech should 
have provided a complete, ready-to-go 
configuration that could be modified to 
meet specific needs. 


The Point Editor requires 640K of 
memory to run the compiler and linker 
from the M2ASSIST environment. The 
editor crashed when we tried to run ex- 
ternal programs while using DOS 2.x; no 
problems were encountered with DOS 
3.x or on a Novell network. We also en- 
countered system crashes while removing 
the M2ASSIST environment; Logitech 
needs to make the editor more robust. 

The compiler is considerably faster 
than its predecessor, and the optimizer is 
a welcome option. We had trouble com- 
piling code when the optimizer option 
was on, however. The compiler com- 
plained that an x -= FALSE; statement 
was too complicated, though it compiled 
correctly with the optimizer turned off. 
Another problem was that when we used 
sets with fewer than eight elements, the 
compiler used one byte; the documenta- 
tion states that sets are rounded up to 
the next highest integer (two bytes). 

Programmers who wish to recompile v. 
2.0 code with v. 3.0 should be aware that 
some changes require source code modi- 
fications. These changes primarily result 
from the replacement of the system mod- 
ule with several run-time support mod- 
ules. Unfortunately, Logitech does not 
provide documentation that describes the 
differences between releases 2.0 and 3.0. 
Consequently, the user must recompile 
and relink all of the code, fixing compati- 


bility errors as they are encountered. For 
a professional-level product, the absence 
of information describing the differences 
between the two releases is an unforgiva- 
ble omission. 

We encountered no problems with the 


‘linker, but we have two gripes. First, the 


linker requires the programmer to speci- 
fy the size of the stack. There should be 
an option that would let the program use 
all available memory. This option would 
allow developers to write code that would 
run on small machines but would also 
take advantage of any extra memory that 
might be available. 

Our second gripe is fairly minor: there 
is no documented way to link or other- 
wise use LNK files from v. 2.0. This 
omission makes it impossible to use the 
object-code version of PMI’s excellent 
and useful Repertoire library, for in- 
stance, without purchasing an upgrade. 

Despite these annoyances Logitech’s 
Modula-2 compiler has clearly come of 
age as a viable tool for software engi- 
neering. The potent combination of a su- 
perior editor and programming environ- 
ment, an optimizing compiler and linker, 
and source-level debugging results in a 
software development system that should 
meet almost every professional need. rs | 


By Warren P. Keuffel 
and William J. Schaller 


System requirements: |BM 

sel 270 or 
compatible, 256K RAM, 
Lattice C v. 3.x or Microsoft 
Cv. 4.x ee 

Price: $295 

Available from: Wolf Pak 
Research Inc., 90 Upland 
Rd., Yorktown Heights, N.Y. 
.10598, (914) 245-8392; 
also marketed by Lifeboat 
Associates as QuickScreen 
Support: Unlimited free 
telephone support to 
registered users, nine 
months free software-design 
eoroel migra gine ene Sey 
protected - 


Terminal Mapping System 


Wolf Pak Research’s Terminal Mapping 
System is difficult to categorize. Despite 
the name, it has nothing to do with data 
communications and has only a third 
cousin’s relationship to terminal emula- 
tion. It’s more like a screen generator, 
but that’s only half the story. TMS not 
only helps the programmer paint input 
screens but generates C code that han- * 
dles data-entry routines like cursor posi- 
tioning, field editing, and type-checking 
input data. The programmer retains con- 
trol over the application’s functions, but 
TMS provides an effective, completely 
standardized human interface. 

In return, TMS requires that you 
modify your way of approaching a proj- 
ect and adhere strictly to its require- 
ments—which, in fairness, are not 
numerous. 

Wolf Pak calls its distinctive approach 
to applications program development 
transaction processing, but this is a mis- 
nomer. Those who have experience with 
transaction processing on mainframes 
and minis won’t find many similarities. 


TMSEDIT header file 


struct 
char field-001 [21]; /* attr=X */ 
char field-002 [21]; /* attr=x */ 
char field-003 [21]; /* attr=X */ 
char field-004 [21]; /* attr=X */ 
char field-005 [21]; /* attr=X */ 


} clmrevo7={ 

. CREATE MENUS =”, 
. DO PROGRAM st”, 
_ COMPILE PROG =” 
. LINK PROGRAM =” 
EXIT TO D0S ="; 


Ate wMrm 


TMSQUAL q-clmrev01 [5[; 
/* Q-structure, if needed */ 


Produced for screen clmrev01. 


Figure 1. 
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MULTITASKING 


With 
MultiDos Plus 
“multitasking for the IBM-PC.’ 


Ideal for developing applications: 
in process control, data acquisi- 
tion, communications, and other 
areas. Check these features which 
make MultiDos Plus an unbeat- 
able value. 


e Run up to 32 programs concur- 
rently. 

e Your software continues to run 
under DOS. No need to learn a 
new operating system. 

e Use the compilers you already 
have. Supports software written in 
most languages. 

© Operator commands to load/run 
programs, change priority, check 
program status, abort/suspend/ 
resume programs. 

e Programmatic interface via INT 15H 
for the following. 

* Intertask message communica- 
tion. Send/receive/check mes- 
sage present on 64 message 


queues. 

* Task control by means of 
semaphores. Get/release/check 
semaphores. 

* Change priority-256 priority 
levels. 

* Suspend task for specified 
interval. 


* Spawn and terminate external 
and internal tasks. 

* Disable/enable multitasking. 
* and more! 

e Independent foreground /back- 
ground displays. 

e Access to DOS while applications 
are running. 


Hardware/Software Requirements 


IBM PC/XT/AT or true clone. Enough 
memory to hold MultiDes Plus (48 
KB) and all your application programs. 
Also may need 4 or 16 KB memory 
for ‘“‘hidden screens’ for each active 
task. MS-DOS (or PC-DOS) 2.0 or 
later operating system. 


only: $24.95 OR 
$99.95 


with source code 


Outside USA add $5.00 shipping and handling. 


Visa and Mastercard orders only call 
toll-free: 1-800-872-4566, ext. 350., or 
send check or money“order to: 


NANOSOFT 


13 Westfield Rd, Natick, MA 01760 
MA orders add 5% sales tax. 
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In fact, TMS has only two features in 
common with those systems: it provides 
keyboard mapping that makes PCs act 
like IBM 3270 terminals during data en- 
try, and it requires that the programmer 
follow rules similar to those imposed on 
the larger systems. 

TMSEDIT is the editor that lets the 
programmer paint screens for applica- 
tions. Programmers lay out screens as 
they want them to appear, then identify 
and define data-entry fields. Each screen 
must be identified by name, and each 
screen’s name must be exactly eight 
characters. Each screen must be de- 
signed separately; this process is a bit te- 
dious, but not unbearably so. 

TMS performs masking and conver- 
sion of input data as specified by the pro- 
grammer. Permissible data types include 
uppercase, which converts alphabetic 
characters to capital letters; caps, which 
accepts only alphabetic characters and 
performs case conversion; alphabetic, 
which accepts only A to Z and a to z; 
numeric, which is automatically right- 
justified; password, in which the user’s 
input is accepted as typed but displayed 
on-screen as asterisks; and alphanumeric, 


which accepts any character the user 
types. Also supported are output-only 
fields that let the programmer display in- 
formation on the screen while preventing 
the user from modifying the data. 
Range-checking, lists of acceptable re- 


‘ sponses, and special formats such as 


dates are not checked. 

Once a screen is complete, TMSEDIT 
compiles it. The result is three new files, 
each bearing the screen’s eight-character 
name plus the extension OBJ, H, or 
DOC. The OBJ file may be linked into 
the application program or edited further 
with TMSEDIT. The H file is for inclu- 
sion in the application program’s C 
source. It defines the symbols used in the 
OBJ file. The DOC file is a textual ren- 
dition of the screen suitable for inclusion 
in the program’s printed documentation. 
Sample H and DOC files are shown in 
Figures 1 and 2. 

The TMS design approach is similar 
to the popular practice of prototyping an 
application, except that with TMS the 
prototype is the application. 

With the application’s screens de- 
signed and compiled, the programmer 
has a choice. The screens may be pulled 


TMSEDIT sample documentation file 


COMPUTER LANGUAGE MAGAZINE 
TMS Review Demo Menu. . 


a 
2 
3 
4: 
3: 
6: 
7 
8 


9: 
10: 
11: 
12: 
413: 
44: 
15: ne 
16: 
17: 
18: 
19: 
20: 
21: 
22: 
23: 
24: 
20: 


n> wr a 


CLMREVO1.DOC, produced for screen clmrev01. 
(Line numbers added for clarity.) 


Figure 2. 


Use Arrows to Choose 


. CREATE MENUS 
. DO PROGRAM 

. COMPILE PROG 
. LINK PROGRAM 
. EXIT TO DOS 


into the application as library subrou- 
tines, or the screens may be considered 
the main program with TMS importing 
the application as a subroutine. The lat- 
ter is what Wolf Pak means by transac- 
tion processing. 

In transaction processing, the primary 
routine (which must be named tmsexit 
and accept a pointer to a structure de- 
fined by TMS.H) determines which 
screen is responsible for the current 
transaction and dispatches control to the 
appropriate processing functions. This 
determination is made based on the 
screen name, which is passed as one ele- 
ment of the structure. 

Before the first screen is displayed, 
TMS calls tmsexit, passing an all-blank 
screen name. This is the programmer’s 
opportunity to open files, initialize varia- 
bles, or do whatever other setup is neces- 
sary. Next is a screen call; control re- 
turns to TMS. 

Once the program is initialized, all ac- 
tion is initiated by the operator’s use of 
the function keys, including cursor con- 
trols, tab, backspace, and enter. The keys 
perform exactly the same movement and 
editing functions as on an IBM 3270 
mainframe terminal. The resultant action 
may be determined by the number of the 
field in which the cursor is located, the 
content of the field, or both; it all de- 
pends on the program. 

The net effect is that the programmer 
retains full control over all processing. 
TMS does not replace the programmer’s 
skills but augments them with a stan- 
dardized set of procedures for data entry 
and program control. 

Because TMS is different from tradi- 
tional software development systems, it 
must be applied during the early stages 
of application design to be effective. Ide- 
ally, it should be applied to large project 
development; then the resulting program 
could be compared to applications devel- 
oped conventionally. The quality differ- 
ences, if any, in the resultant applications 
could be assessed in light of TMS’s time 
savings. 

Naturally, the time-savings benefits 
will increase as the programmer climbs 
the learning curve. I performed a few 
partial implementations to determine just 
how steep the curve might be. While at 
this point I don’t have enough experience 
to recommend TMS as a cure-all, I can 
say that I have yet to find any major 
problems with it, and the different pro- 
gramming techniques it requires may 


easily turn out to be much faster than 
my usual methods. 

The TMS package includes three 5%4- 
inch diskettes and a spiral-bound, 8'4-by- 
11-inch printed manual. One of the dis- 
kettes is a tutorial, one is for use with 
Lattice C, and one is for use with Micro- 
soft C. I tested only the Microsoft ver- 
sion but have no reason to believe results 
would differ significantly with Lattice. 

The manual is a well-written tutorial 
that features both a table of contents and 
an alphabetic index. The index’s value is 
slightly diminished because it doesn’t 
identify page numbers exactly the way 
they appear on the manual’s pages. 
When the index refers you to page 2.1, 
you must instead turn to page 2-01. It’s a 
measure of the manual’s quality that this 
is the most significant flaw I found in it. 

I installed TMS on both a Sperry IT 
with a color monitor and a PC/XT clone 
with a monochrome display, following 
the printed instructions to the letter. The 
supplied installation batch file trans- 
ferred the tutorial to each system with- 
out incident, creating numerous subdirec- 
tories on the hard disk and copying the 
screens for both the color and mono- 
chrome versions into them. (Since TMS 
is not copy protected, INSTALL.BAT 


and REMOVE.BAT are simply 
conveniences.) 

Next I attempted to INSTALL the 
TMS system diskette, but when the pro- 
gram attempted to create subdirectory 
_TMS_LST on the Sperry, it could not 
do so. 

I suspected the problem was that LST 
is an alternate name for the PRN device 
and so was a reserved word in the Sperry 
version of MS-DOS but decided to use 
this opportunity to check out Wolf Pak’s 
support. I placed a call to the number in 
the manual. A courteous woman an- 
swered almost immediately, and when I 
asked for tech support offered to assist if 
she could. When I described the problem 
she told me it would require the support 
staff but that the line was busy. She took 
my number and promised to have some- 
one call. 

Within five minutes my phone rang. 
The voice at the other end identified 
himself as Stephen deSofi. Had I not 
read the manual I would not have known 
I was talking with the program’s creator. 
I explained what had happened, and he 
agreed that it might be a reserved-word 
conflict in the directory name. He 
walked me step by step through the pro- 
cess of changing the INSTALL file and 


UNIX/€ WINDOW DEVELOPMENT 
COMPATIBILITY with 
CURSES for MS-DOS and MS-OS/2. 


THE BETTER PRODUCT. “Aspen Scientific’s 

Curses library is a fine PC version of System V 
Curses. Screen updating was fast and clean... 
has good documentation and is available 


for many compilers...less expensive... 
its greater flexibility makes it an 
attractive package for developers’ 
Computer Language June/S87 
“This is a nice product. If you 


need Unix-compatible screen 
output in your programs, 

or if you just want a nice 
clean window-management 
package, I’d recommend it.” 
Allen Holub, Dr. Dobb’s 
Journal, August/87 


4 FREE - FAST 
UNIX compatible forms 
tool kit with source code. 
Included if you ORDER 
e bny er T NOW. 
; AS 64 
Complete curses tool kit: $1 19. 
Source code available for: $289. 
Look at a few of the applications 
our Cursesis benefiting: « Aerospace 
-~ Robotics.“ Consulting “ Telephone 


Switching “AI “ Voice Recognition 
Financial ~ Engineering “ Word 
Processing 

d= 


TS 


ASPEN SCIENTIFIC 


P.O. BOX 72 WHEAT RIDGE, 
COLORADO 80034-0072 
(303) 423-8088 


Trademarks: MS-DOS, MS-Windows, MS-OS/2, XENIX, Quick C (Microsoft); Unix (AT&T Bell Labs); Turbo C (Borland); 
Aztec (Manx); Lattice (Lattice); Let’s C (Mark Williams); DeSmet (DeSmet Software); Datalight (Datalight). 
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The Best Shell 
Just Got Beiter! 


The 
ASPEN KORN Shell 


ASPEN has added full screen data entry 
capabilities to our port of the genuine 
AT&T Korn Shell. 


kforms™ joins the long list of other 
ASPEN Korn Shell features designed 
to save you time and effort when using 
the UNIX system. 


-— Shell Programmers!, ASPEN 
Korn Shell provides the power of the 
Bourne Shell and adds Arithmetic and 
String Evaluation, Local Variables, and 
additional I/O capabilities. 

— Bourne Shell users!, Stop re- 
typing commands! ASPEN Korn Shell 
allows re-entry of previous commands 
and in-line editing. Command aliasing 
gives you useful short-hand access to 
complex commands. 

— C Shell users!, Many of the facili- 
ties you like in Csh are available in 
ASPEN Korn Shell: Command His- 
tory, Integer Arithmetic, and Arrays. 
ASPEN Korn Shell provides all this 
and more in a Bourne compatible inter- 
preter. 


AVAILABLE FOR: 
Xenix 286 on AT’s, Microport, 
AT&T 6300+ ($145); AT&T 
3B1/3B2/3B5, SUN, 
NCR Tower ($295) 


Other machines are in the works — 
Call us. 


Also available; 

UNIX Shell Programming by Kochan & 
Wood; contains excellent chapter on 
KORN Shell programming — $19.00 


For more information or to order, write: 


ASPEN 

TECHNOLOGIES, INC. 
P.O. Box 5727 
Parsippany, NJ 07054 


or call: 
Collect (201) 316-0866 


Check or Money Order, VISA and 
MASTERCARD __ accepted. Include 
$3.00 for Shipping & Handling (NJ 
Residents add 6% Sales Tax). 

Money Back Guarantee. 


Volume discounts available. 
Dealer and OEM inquiries invited. 


The ASPEN Korn Shell - KSH 


kforms is a trademark of ASPEN Technology Inc., 
XENIX is a registered trademark of Microsoft Cor- 
poration, UNIX is a registered trademark of AT&T, 
IBM and PC-AT are registered trademarks of Interna- 
tional Business Machines Corporation. TANDY is a 
registered trademark of Tandy Corporation. KSH is 
based upon software in the AT&T UNIX System 
Toolchest. 
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all references to the LST directory in the 
batch files used by the system, and we 
verified that the problem was cured 
while he remained on the line. One can- 
not ask for better tech support than that. 

He also told me that this had not hap- 
pened at all during testing under PC- 
DOS, that it was the first time such a 
problem had been reported, and that he 
would modify the directory name in all 
future copies. Sure enough, when I ran 
the original, unmodified batch file on my 
XT clone with generic MS-DOS, it 
didn’t mind the LST name at all. 

Is it worth the effort to purchase, 
learn, and use TMS? No answer will be 
true for every programmer. The decision 
must be based on individual circum-- 
stances. If I were managing a large proj- 
ect, a system of this sort would be ideal 
for enforcing interface standards. As an 
individual developer of microcomputer 
applications, I’m interested—but the jury 
is still out. 

I do not know, for instance, how the 
total program size for a significant proj- 
ect will compare to that for other tech- 
niques; this could have major impact. 
The screens do seem to be compact; my 


sample applications averaged about 40K 
each for the EXE files and required no 
overlays. 

TMS requires use of the compiler’s 
large-memory model, which makes pro- 
grams somewhat larger but frees them 


. from code-size limitations that could oth- 


erwise prove restrictive. Programs cre- 
ated on a color system will run properly 
on monochrome systems; the colors will 
translate properly to light and dark. 
Those created on mono systems will ap- 
pear in monochrome on color systems. 
However, provisions allow the user to 
customize the display to match his or her 
own color preferences. 

User access to screen-color control is a 
minor feature, but combined with 3270 
keyboard mapping, code generation for 
input screens, and an integrated compiler 
for creating data-entry routines, it helps 
make TMS a unique product. Call it a 
code generator, call it a terminal emula- 
tor, call it what you will. The bottom line 
is that I plan to continue working with 
TMS to develop a real application or 


two. | 


By Jim Kyle 


C-scape and Look & Feel 
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System requirements: IBM 
PC/XT/AT or compatible and 
Aztec, Borland, Lattice, 
Microsoft, or Microsoft 
Quick C compiler 

Price: Full version with 
source—$279, Borland and 
Quick C versions without 
source—$99.95 

Available from: Oakland 
Group In¢:; 675 
Massachusetts Ave., 
Cambridge, Mass. 02139, 
(800) 233-3733 or (617) 
491-7311 (in Mass.) 

Support: 30-day return 
policy, free telephone 
support with toll-free 
number, bulletin board; 
current upgrades, $24 


Screen design can be the most tedious 
part of application development. It’s a 
time-consuming, repetitive cycle: position 
the cursor, set the attributes, display the 
prompt, display the field, position the 
cursor, set the attributes, display the 
prompt, display the field, position.... 
Screen libraries and editors ease the 
programmer’s burden. Libraries provide 


functions for building and managing 
screens. Layout editors let programmers 
design screens interactively, test them, 
and generate code to link with 
applications. 

Among the programmer’s aids vying 
for the software developer’s attention are 
C-scape, a screen library, and Look & 
Feel, a layout editor, both from the Oak- 
land Group in Cambridge, Mass. C- 
scape v. 2.0 is reviewed here; the pre- 
vious version was reviewed in “Screen 
managers: The sharper image,” COM- 
PUTER LANGUAGE, June 1987, pp. 
115-125. The company offers separate 
versions for C compilers from Aztec, 
Borland International, Lattice, and Mi- 
crosoft (including Quick C). I worked 
with the Microsoft C version for this 
review. 

C-scape. C-scape 2.0 screens comprise 
three major components: fields, menus, 
and screen editor objects (seds). Menus 
are composed of fields and include selec- 
tion menus, data I/O forms, and help 
texts. A sed is a menu, an optional bor- 
der and help system, and all the internal 
routines for managing the screen. 

All fields are created with one func- 
tion, menu_Printf. Like C’s printf func- 


——©, PROGRAMMERS! 
cua i TTooLs You NEED 
AT A PRICE YOU’LL LIKE 


Supports all index file operations. Very quick 
sequential or random access, duplicate keys, multiple 75.00 NOW 
indices, fixed and variable length data records are all supported. 
MULTI 
Works on top of BTree to provide a simple, yet -USER 
powerful application program/file system interface. 40.00 

4 5 , AVAILABLE 

Complex filesystem manipulation becomes a snap. Provides the power 

of a database manager with the flexibility of a programming language. 60.00 


Finally, a completely device independent printer library! 
Ip drives any printer as accurately as possible and allows easy access to 75.00 
its most sophisticated features. Multiple fonts, multi-column output, complex margin 
formatting, and much more. Pays for itself the first time it’s used. 


The ultimate ‘make’ utility. We couldn’t find a good one, so 
we wrote a great one. Has all kinds of powerful features including wild 59.00 
card filename expansion, nested macros, and multiple dependency and rules defini- 
tions. Ready to go for MS-DOS; C source is there if you use another operating 
system. 


Combine & Save: BTree + ISAM + Ip 159.00 - Snake 199.00 


Each product includes a typeset manual, example programs, and complete C source 1343 Stanbury Drive 
code that runs on any operating system. Softfocus products may be incorporated into Oakville, Ontario, Canada 
applications royalty-free. L6L 2JU5 


| Credit card orders accepted. Visa, M/C, Amex. Dealer inquiries invited. (416) 825-0903 
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Structured Analysis brealdthrough!_ 


THE FIRST COMPLETE 
| SA SOFTWARE FOR 


= fe) 
| UNDE R S 1 000. Discover the power of 4 (2) x 
| computer-aided Structured Analysis...Create specifications ~*~ feasibiity a es 
Gc) 
Gc) eat 


more efficiently, more accurately,... With feamwork/PCSA;' 
| acomplete, automated SA tool for your PC for only $995. 


| No other system includes these features for under $1,000: E 
e Full support of Yourdon/DeMarco SA techniques SBE 

e Easy-to-use mouse driven interface with pop-up menus Te 
e Includes integrated project data dictionary 

| © Includes consistency checking and diagram balancing 

¢ Now also includes P-Specs, Postscript™ output, and 


new, easy tutorial 


leamwor runs on most *compatible PCs. 
It's used by leading developers at Boeing, AT&T, GE, HP, r FREE DeMarco Book! We'll give you | 
te and Bank of America. And it’s the only PC- based software fwo reasons to order Teamwork/PCSA today. ONE: 
that offers you a growth path to the Teamwork family of you get a 30-day money-back guarantee, so there's i 


CASE tools for real-time modeling, system design and life- absolutely no risk. TWO: Order now and we'll send you 
cycle management. Structured Analysis and System Specification , 


| 

5 - by Tom DeMarco. It's the ‘'Bible’’ of structured analysis | 

Cadre Technologies Inc. and normally sells for over $40. And it's yours free. For i 

| Pro eR 39903 | 
rovidence, 

| IBM is a registered trademark of International Business CALL (40 1) 35I- CASE | 


details or to place your order, call or write today. 
Machines. Postscript is a registered trademark of Adobe 


Systems, Inc. North American prices only. Volume discounts available. (CE Wey 
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tion, menu_Printf accepts a format 
string and a variable-length argument 
list. A typical menu_Printf call might 
look like this: 


menu_Printflmenu, “@p [5,5]@fd<Date: 
##/##/##", &date_struct, &date_ 
funcs, “MM/DD/YY"); 


The key to menu_Printf is the format 
string. In this example, @p/5,5/ places 
the field at row five, column five, and 
@fd/] delimits the field. C-scape displays 
#s as blanks for data input. The Date: 
prompt and slashes are displayed, but are 
not included in the input. 

The argument &date_struct points to 
a standard Microsoft C time structure. 
The field type is specified by &date- 
—funcs, which points to a structure that 
points to functions for accepting and con- 
trolling input. Finally, C-scape displays 
MM/DD/YY at the bottom of the 
screen as a help message when the cursor 
enters the field. 

Other format string options include 
color control and repeating characters. 
For example, @c[\x70]@r180,*] displays 
80 asterisks in reverse video. menu_ 
Printf also supports % and \. Return- 
ing to the example, the programmer 
could use @p[%d,%d] to tell menu 
Printf to accept positioning information 
from the argument list or add a carriage 


return/line feed by ending the format 
string with \n. 

All this adds up to a flexible function 
for building complex menus. For exam- 
ple, the user can build multiple-column 
menus by enclosing menu_Printf in a 
loop, taking positioning information from 
variables and reading the selections from 
a file. 

After C-scape builds the menu and al- 
locates storage, it’s time to switch to sed 
functions to display the screen. Although 
C-scape includes 128 sed functions, you 
can, thankfully, get most of the work 
done with about a dozen. 

Listing | is a function that displays a 
complete pop-up input screen. The first 
four sed functions create a sed with a 
simple two-line border, save the currently 
displayed screen on an image stack, and 
display the new screen. sed_Go gets in- 
put from the user and transfers it to the 
date structure. sed_Pop restores the pre- 
vious screen. Finally, sed_Close and 
menu_cClose deallocate storage. The 
function returns 0 if the user exits with 
Escape and | if a date is entered. The 
entire display requires only about 20 
lines of code. 

C-scape provides a wealth of functions 
and macros for building and managing 
screens—I counted 277 (Table 1). Some 
of the higher-level functions deserve spe- 
cial mention. . 


/* Display a simple pop-up date screen and get date */ 


“#include <time.h) 
#include (cs_cscape.h) 
#include (cs_cstime.h) 


int get-date(date) 
struct tm *date; 


{ 


menu-type menu; 
sed-type sed; a 
int ret; 


menu = menu-Open(); 


menu-Printf(menu, “@f[Today’s date: ##/##/##]”, 


date, &date-funcs); 
menu-Flush(menu) ; 


sed = sed-Open(menu) ; 
sed-SetBorder(sed, bd-2); 
sed-Push(sed) ; 
sed-Repaint(sed) ; 

ret = sed-Go(sed); 
sed-Pop(sed); 


menu-Close(menul) : 


sed-Close(sed) ; 
return(ret); 


Listing 1. 
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The slug menu functions support Lo- 
tus 1-2-3-style menus. Each menu option 
displays a help message, and menus can 
call other menus. Menus may be oriented 
vertically or horizontally. Alternately, C- 
scape emulates Borland-like frame 
menus, creating pull-down menu systems 
that are very similar to those used in 
Turbo programming environments. The 
only problem I had with these functions 
was the name “slug.” 

Pop-up functions allow the program- 
mer to display messages in bordered win- 
dows and, optionally, to require the Es- 
cape key to remove them. One pop-up 
function supports scrolling in all direc- 
tions. Pop-up menus can also display 
choices for field entries or invoke other 
functions. 

The help functions use a text file to 
display context-sensitive help messages. 
Cross-referencing lets the user select oth- 
er topics from the help text by placing 
the cursor over a highlighted word and 
pressing Enter. Although I didn’t try 
building a 50-page help system, I believe 
C-scape is capable of supporting context- 
sensitive, cross-referenced help systems 
that would rival those in many of the 
leading commercial applications. 

Many functions are useful outside the 
context of C-scape. For example, key- 
board functions manage the keyboard 
buffer and check for various shift and 
toggle-key states. The time and date 
functions calculate the difference be- 
tween two dates and find the day of the 
week. Video functions clear the screen, 
scroll text, and draw boxes and lines. 
And a set of string functions includes 
string centering, justification, padding, 
and wrapping. 

Table 2 lists the 25 field types sup- 
ported by built-in sets of functions. They 
include all C numeric types plus charac- 
ter, string, date, time, and menu fields. 
The programmer can set string fields to 
not echo passwords or take their input 
from a list that the user cycles through 
with the space bar. Any field can be pro- 
tected for output only. C-scape also has 
nine types of borders, including single, 
double, and expanding sides, optional ti- 
tles, help messages for each field, and 
scroll indicators. 

As if that weren’t enough, C-scape’s 
modular design makes it easy to change 
and add functions. Simply edit an exist- 
ing field or border function or write a 
new one using the source code as an ex- 
ample. For new functions, create a data 
structure that points to the function. The 
structure is used as an argument for the 
functions that create and manage fields 
or display borders. : 

The Oakland Group places no restric- 
tions on editing the source code, which is 
good, because most users will probably 
want to. For example, I added a field- 
validation function that restricts string 


Break 
The dBase 
Barrier 


dBase to C conversion 
is now a reality 


Sooner or later you’re going to run into the dBase wall. It may 
come up unexpectedly. Maybe you know it’s there. But at 
‘some point you are going to need faster run-time, real 
portability, stronger code refinement, and source code security. 


Using dBx to translate your dBase code to C is the perfect way 
to break the dBase barrier. C is portable, fast, and flexible. C 
programmers appreciate our commented, clean K&R code. If 
you are new to C, dBx is a great way to get up to speed. Why 
not call us today and discuss your individual situation. 


dBx~- The dBase to C Translator 
vito : 
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(ZY Desktop Ai (203) 255-3400 


1720 Post Road E. 
TELEX - 6502972226MCI 
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Along With Your Computer, Your Time 
is the Most Important Thing You 
Own. . .So Why Waste It? 


Quilt Programmer Productivity 
Tools will help you manage your 
software projects and get control 
of your time! 


sRMs™ 
Software Revision Management System “Intelligent Program Generation Utility 
Full Featured Revision Control System |=Controls the rebuilding of even the most 
~All Versions stored in a Single ASCII File | complex systems 
= Relieves the developer of remembering which 
modules need to be rebuilt based on recent 
=Allows you to use your current compilers | changes, how to rebuild them, and in what 
and editors without conflict order to rebuild them 
=Windowing Shell interface to simplify use] = Works with most compilers, assemblers, and 
=MERGE facility to consolidate different linkers 
development paths easily, while pointing | = Su; full macro definitions, UNIX make- 
out conflicting areas file compatability, recursive invocations, and 
=Full audit trail tracking and reporting an | command line parameters 
all library components =Interfaces completely with SRMS, providing 
=Handles big programming projects easily | you with a complete set of productivity tools 
Full DOS Pathname and Environment to handle any size project 
Variable Support = Requires DOS 2.1+, 128K F/H Disk 
=Requires DOS 2.1+, 224K, F/H Disk 


SRMS Version 8.0....cc.ccorsceeeeee$185 | QMAKE Version 1.2ecccoccccscserecees 20899 
SRMS + QMAKE .......c.ccsscsscseseseee $250 


NEW) TXT Tools NEW 3 
QSE - Quilt Text Stream Editor 
QSRCH - Quilt File Search Utility 
(Like UNIX GREP) 
QDIFF - Quilt Windowing File Difference Utility 


TXTTOOLS Version 1.Oscecsssssssssssseses $85 


ILT 7048 Stratford Road 
Woodbury, MN 55125 ~~) =< 
COMPUTING (612) 739-4880 


Volume Discounts and Dealer Inquiries Welcome 
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Query+MANAGER= 
Q-MAN 


Q-MAN, a fast true relational data base management 
system which supports interactive and imbedded 
queries, library routines, forms, and is multi-user 
or distributed. Uses QUEL query language, B+ 
trees, and fast sort-merge joins. SQL available 
August 1, 1987. 


Runs on: | single-user multi-user 
SYS 5 $895 $1195 
4.2 895 1195 
MS-DOS™ 219 329 


To order 
Call collect 


(608) 271-2171 


Breakpoint Computer Systems, Inc. 


6701 Seybold Road, Suite 204 
Madison, WI 53719 


Include machine name and operating system 
when ordering. 


Visa and Mastercard accepted. 
MS-DOS" is a registered trademark of Microsoft Corporation. 
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Users can add new functions to 
EUS; WORDSTAR, and dBASE 


Move into 


THE WEINER SHELL” 
Get Room to Grow 


© Users can add their own functions to C, BASIC, PASCAL, LOTUS, 
WORDSTAR, dBASE & most other programs on the market. 


®@ Custom-design memory-resident windows, menus, screens & 
utilities. . 

© Easily set up your own context-sensitive help screens and light-bar 
menus. 

@ Run Shell programs without leaving your application. 


© Execute Shell programs automatically, at timed intervals, or with 
interrupt-driven serial conditions. 


© 60K memory required. Supports up to 8M bytes of Lotus-Intel 
memory. 


© Customization available. 
@ $199 (includes limited no-royalty agreement). 


THE FIRST MEMORY-RESIDENT 
PROGRAMMING LANGUAGE 


GRYPHON:: 


MICcROpROOUCTS 
P.O. Box 10087/Silver Spring, MD 20904/(301) 384-6868 
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input to digits and a border function for 
a simple double-line border with a title 
and field help messages. 

You might suspect that all these func- 
tions require some overhead. To see how 
much, I wrote the ubiquitous Hello 
World program using the small-memory 
model. (C-scape supports small, medium, 
compact, and large models.) The execut- 
able code was 42,252 bytes. However, a 
program to display six screens (including 
an opening screen, a date input screen, 
three menus, and a full-page data-input 
screen) only increased the size to 59,122 
bytes. C-scape keeps executable code size 
under control by using dynamic data al- 
location as much as possible. 


C-scape function summary 


Function Number of 
class functions 
Keyboard 1) 
Border 6 
primitives 
High-level 9 
Video 32 
Date and time 1] 
Utility 6 
Field movement 3 
primitives 
Validation 3 
Field 25 
String Shes 
Screen ; 8 
building 
Screen 128 
management 
Help 13 
Pop-up i 4 
High-level 10 
menu ; 

Table 1. 
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Unfortunately, C-scape does not have 
a facility for storing sed definitions in a 


file and retrieving them at run time. This 


lack may cause memory problems and 


add programming time. Be forewarned if 


you are building an application with 


many complex screens. C-scape includes 
helpful example programs that show how 


to build input screens, menus, and help 
displays. The package also includes 
source for the field data, border, and 


help functions, and an ANSI screen driv- 


er. The full library source code (except 


for Turbo and Quick C versions): is deliv- 


ered to users upon registration. 
Look & Feel. Oakland Group’s new 
C-scape screen editor, Look & Feel, 


Examples 


Check for various shift and toggle keys; 
check for and read characters; clear buffer. 
Add a title; set dimensions; get and set 
colors. 

Credte various borders that may include 
titles, border field help messages, and scroll 
indicators. 

Clear screen or window; scroll window; draw 
boxes and lines; get and set modes and aitri- 
butes; get and set cursor position and type; 
get display height and width; push and pop 
screens and windows; get character at posi- 
tion; put character or string at position with 
attribute; install a driver. 

Add days or seconds to time; return days or 
seconds between times; compare; copy; test 
for valid date or time. 

Pause for time; beep at wave length for time; 
swap nibbles to determine inverse of an 
attribute. : 3 

Move between fields with scrolling. 


Check string for valid int, long, double. 
Define field types and accept input. 

Center or justify string in character array; 
strip leading or trailing>spaces; pad with 
spaces; word wrap. — 

Open menu and allocate storage; close menu 
and free storage; get column and row of dis- 
play item; create and place fields and 
prompts with optional help messages. 
Display screen with various borders and 
fields; interfield and intrafield movement; 
return menu selection; display data and 
accept input. 

Display simple help messages; display cross- 
referenced help messages; look up indexed 
help texts. 

Display menu; display message with word 
wrap or scrolling; display message and re- 
quire Escape key to clear. 

Manage Lotus-style horizontal or vertical 
menus and Borland-style pull-down menus. 


draws single and double lines, lays out 
and defines fields, builds seds larger than 
the physical display, and generates C 
source code. On-line help and pop-up 
menus virtually eliminate the need for 
documentation. 

The editor works smoothly and quick- 
ly. To define a screen, simply enter the 
field text with #’s indicating space for 
user input. Mark the field by typing 
Control-F and drawing a box around it. 
The Enter key brings up a field data 
form; fill in the field type, variable name, 
optional prompt and numeric range, and 
whether the field is protected. The Plus 
key brings up a menu of available data 
types; select one with Enter. 

Pop-up menus display available field 
types, border types, extended characters, 
and definition and source files in the cur- 
rent directory. The programmer selects 
items from the menus with the cursor 
and Return keys, and Look & Feel auto-. 
matically enters them. Unfortunately, 
the border type is selected from the code- 
conversion menu and is not displayed on 
the screen. The border type must be re- 
specified every time the file is edited. 

Block functions delete, cut and paste, 
copy, move, set attributes, and fill ranges 
with a specific character. The block- 
move function is especially nice because 
it drags the block across the screen, al- 
lowing the user to see how the layout 
changes as the block moves. 

A field-sort feature sorts field defini- 
tions in the order the fields appear on the 
screen, making source code easier to 
read. 

Finally, the programmer can set the 
cursor direction so that as the user types, 
characters are displayed from right to 
left, or ascending or descending in a sin- 
gle column. I’m not sure of the utility of 
this feature, but it’s a novel idea. 

Look & Feel works with special files 
that contain screen definition informa- 
tion. It generates a single C function 
from each screen layout. As an option, 
the programmer can request test code 
that results in a simple main function to 
call the display function. I had no prob- 
lems compiling and linking the generated 
code. However, I had to edit each file I 
generated. Look & Feel cannot be confi- 
gured to remember where include files 
are stored and does not recognize when 
any C-scape include file except the main 
one is needed. 

The include files are a minor irritation. 
The major irritation is Look & Feel’s in- 
ability to access most of C-scape’s ad- 
vanced features. It’s impossible to build 
C-scape slug or pull-down menus, define 
input lists or help screens, or link one 
screen to another. Nor does Look & Feel 
build switch/case statements or allow the 
user to enter function names for execu- 
tion by menu selections. All this limits 


| EVEN MORE POWER | 
AND FLEXIBILITY 


BRIEF 2,0 


Users and industry press alike have 
unanimously proclaimed BRIEF as 
the best program editor available 
today. Now, the best gets better, 
with the release of BRIEF 2.0. 

Straight from the box, BRIEF offers 
an exceptional range of features. 
Many users find that BRIEF is the 
only editor they'll ever need, with 
features like real, multi-level Undo, 
flexible windowing and unlimited 
file size. But BRIEF has tremendous 
hidden power in its exclusive macro 
language. With it, you can tum BRIEF 
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541 Main St., Suite 410L 
South Weymouth, MA 02190 
(617) 337-6963 


Programmer's Editor 
TeeUnasewore, ine 


into your own custom editor con- 
taining the commands and features 
you desire. It's fast and easy. 

Jerry Pournelle, columnist for BYTE 
magazine summed it all up by saying 
BRIEF is, “Recommended. If you 
need a general purpose PC program- 
ming ater look no further.’ His 
point of view has been affirmed by 
rave reviews in C JOURNAL, 
COMPUTER LANGUAGE, DR. 
DOBB'S JOURNAL, DATA BASED 
ADVISOR, INFOWORLD AND 
PC MAGAZINE. 
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One user stated ‘‘BRIEF is one of 
the few pieces of software that I 
would dare call a masterpiece.’ 
Order BRIEF now and find out why. 
BRIEF 2.0 is just $195. If you already 
own BRIEF call for upgrade 
information. 

TO ORDER CALL: 1-800-821-2492 
(in MA call 617-337-6963) 
As always, BRIEF comes with a 


30 day money-back satisfaction 
guarantee. 


ancements! 
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Requires an IBM PC or compatible with 
at least 192K RAM. 


BRIEF is a trademark of UnderWare, Inc. 
Solution Systems is a trademark of Solution Systems. 


MAODULA:2 


No other language is more advanced or 
better suited to the new PC environ- 
ments. We make reasonably priced tools 
for it. And we send full, free copies 
of our manuals to every caller. 

* Repertoire ®; The premier general-purpose 
M2 toolkit. Release 1.5 includes fast screen 
design/display system for virtual windows 
that scroll horizontally and vertically, plus 
single and multi-line input fields, context 
sensitive help, menus, forms, etc. Also 
includes sophisticated list-oriented DBMS 
with variable-length records, garbage 
collection, and damaged file recovery. 
Stores anything: bitmaps, text, linked lists, 
binary records, etc. Includes full source 
(over 600K), hundreds of low- $ 
level routines, and 300 pp. manual. 89 


* EmsStorage ™: Advanced, high-level 
memory manager that detects and uses LIM 
Expanded Memory if present, or DOS 
memory if not; lets users conserve scarce 
DOS memory for other programs, and lets 
larger programs run under Logitech's 
debuggers. Provides automatic garbage 
collection and MS-Windows-like interface 
(lock/unlock functions) for porting § 
programs to MS Windows. ....... 49 


* Repertoire®/Btrieve® Toolkit: Novell/ 
SoftCraft’s Btrieve file manager is 
emerging as the standard for large business 
applications. But don’t start with the bare 
bones—R/BT is a massive support system, 
including a customizable prototype 
application, that saves many months of 
work in producing a finished Btrieve 
application. 


Includes full source. ............ 5] 49 


* ModBase: A full B+Tree DBMS that uses a 
file format compatible with Ashton-Tate’s 
dBase III. Provides indexing and file 
manipulation routines for use independent 
of dBase; billions of records per file.g 
Includes'full’source! 0... 5 .1cct ss 89 


* Graphix: The Modula-2 interface to 
MetaWINDOW, the fast professional 
graphics system PCT] named 7/85 Product 
of the Month. Supports multiple fonts, over 
30 display adapters, and hundreds of modes. 
Includes full MetaWINDOW 
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* Macro2: A C-like macro preprocessor for 
Modula-2; provides inline expansion of 
functions, include files, conditional 
compilation, etc. Includes full $ 89 


All libraries available as DOS LINK- 
compatible object modules, useable by 
other MS-Standard languages. All 
available exclusively from PMI; dealer 
inquiries welcome. 


VISA/MC 
AMEX/COD/PO 


pul 


4536 SE 50th BIX: pmi 
Portland, OR 97206 CIS: 74706,262 
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Look & Feel’s usefulness as anything ex- 
cept a prototyping tool. Building applica- 
tions will require fairly extensive editing 
in all but the simplest cases. 

C-scape’s manual is an imposing 450- 
page paperback. Most of the manual 
consists of explanatory text replete with 
examples and an appendix full of func- 
tion references. The manual is well writ- 
ten but could be better organized. For 
example, the reference entry for the 
function to set the border type does not 
explain the types, so it’s back to the ex- 
planatory text to find out what bd_/ and 
bd_exp look like. 

The manual does a good job of ex- 
plaining which functions the user may 
want to change or add and how to go 
about the job. The library is structured 
so that most changes require editing only 
one or two. functions. And the source 
code is nicely formatted and commented. 
The only thing missing is a make file to 
rebuild the library. 

It’s refreshing to see a vendor that 
takes the attitude that the user may real- 
ly want to make changes. This attitude 
greatly enhances C-scape’s flexibility. 

However, the documentation would 
profit greatly from a quick-reference 
card listing functions, field and border 
types, data types, and other pertinent in- 


C-scape standard field types 


Data types/validations 
—Single alpha character 


Basic types 
Character input 


formation. With nearly 300 functions, 
there’s one to accomplish nearly any 
needed task. But determining which one 
can take some time. At least the Oak- 
land Group showed good judgment in us- 
ing descriptive function names like vid- 
—_ClearWindow and sed_Get 
FieldColors to make remember- 

ing the functions easier. 

The Oakland Group provides a toll- 
free 800 number for technical support, 
which I find commendable. I called four 
times and had no problems getting 
through. Support people can answer gen- 
eral questions, but tougher problems re- 
quire a real techie. I needed detailed in- 
formation three times. Twice I was 
transferred directly; once I had to wait 
about 5 hours for a return call. The per- 
son answering my questions was always 
courteous and knowledgeable. 

The Oakland Group also maintains a 
24-hour bulletin board. Because C-scape 
and Look & Feel are relatively new 
products, the BBS is not exactly a cornu- 
copia of C-scape source code. However, 
it does include some useful information 
about using C-scape with Raima’s 
db_Vista and Faircom’s c-tree. 

I have reservations about Look & Feel 
because of its inability to access C- 
scape’s advanced features and link 


—Single printable character 
—Single numeric digit 


String input 


—Printable string less than or equal to 


field width 

—Printable string longer than input field 
(field scrolls) 

—String from list of choices 

—String not echoed (password) 


Numeric input 


= 


—Integer, calculator-style or string-style input 
~s —Integer, hexadecimal input 
—tong, optional commas, calculator-style input 


—tong, fixed decimal, and optional commas 
—Floot, string-style input 
—Double, scientific or decimal notation 


Date and fime 


—Valid date in MM/DD/YY, DD/MM/YY, or 


YY/MM/DD format 
—Valid time in HH:MM:SS format 


Special types 


—Yes or No with selection toggle 


—Display an integer as a horizontal bar 
—One-dimensional list or two-dimensional grid 
menu selections 


Any field can be protected, allowing data display only. Most fields can include input masks. In the field 
(F##) ###-77##, for instance, the parentheses, space, and hyphen are mask characters. They are dis- 
played but are not included in the input. All numeric fields except float fields support optional range limits. 
However, C-scape does not support input templates. A Male/Female field is not provided, but the user 
can easily create one by edifing the Yes/No field functions. Finally, if a way exists to designate @ must- 


enter field to force data entry, | couldn't find it. 


Table 2. 


screens. Although Look & Feel is a use- 
ful tool for basic layout, it isn’t robust 
enough to generate complete C-scape 
screen definitions, link them with the rest 
of the program, and deliver a finished 
application. 

However, I recommend the C-scape li- 
brary. It offers a multitude of functions 
to do virtually anything an application 


SourcePrint 
se 


System requirements: MS- 
DOS/PC-DOS 2.0 or later, 
256K RAM, one disk drive, 
not copy protected 

Price: SY 

Available from: Aldebaran 
Laboratories Inc., 3339 
Vincent Rd., Pleasant Hill, 
Calif. 94523, 

(415) 930-8966 

Support: Telephone technical 
support, 90-day limited 
warranty on media 


“Tt won’t run!” was my students’ lament 
when I taught computer programming. 
The culprit, as often as not, was a simple 
syntax or coding error that needed only a 
second set of eyes to find. Even when I 
didn’t know the purpose of a particular 
program, a close look at a source code 
listing often revealed its problems. 

Aldebaran Labs’ SourcePrint performs 
the same helpful role as a patient in- 
structor, producing value-added source 
code listings for BASIC, C, dBASE II or 
III, FORTRAN, Modula-2, and Pascal 
programs. 

SourcePrint’s improvements can be 
broken into two groups: page formatting 
and source enhancements. Page format- 
ting options include line and page num- 
bering, page-by-page titles and subtitles, 
and double line spacing. Source enhance- 
ments include automatic indentation by 
nesting level, keyword emphasis, and 
nesting-structure analysis. SourcePrint 
also produces a table of contents and 
cross-reference table. 

SourcePrint can be invoked in three 
ways. One is by typing sp at the DOS 
command line (with or without members 
of an innumerable set of UNIX-style op- 
tions). The second is by typing ms, which 
invokes a clear, two-page, full-screen 
SourcePrint menu preprocessor. The 
menu screens let theuser check or modi- 
fy the available options quickly, especial- 
ly as it uses the last session’s selections as 
this session’s defaults. The menu includes 


might require in screen design. And the 
library’s organization adds even more 
flexibility by making it easy to edit exist- 
ing functions and add new ones. 

The Oakland Group’s technical sup- 
port people were especially helpful in ex- 
plaining how to approach changes. Ex- 
cept for a quick-reference card, which is 
sorely needed, the library is well docu- 


on-line help, and refers you to the appro- 
priate page in the SourcePrint manual 
for additional information where appro- 
priate. The third option is to type spbat, 
which invokes last session’s selections, 
bypassing the menu screens. 

Line numbers, although cumbersome 
when programming, are useful when re- 


mented and supported. My only reserva- 
tion is C-scape’s inability to use screen 
definitions stored in files at run time. 
The Oakland Group has indicated that it 
plans to add definition file capabilities, 
and a later release will address many of 
my reservations about Look & Feel. | 


By Scott Lewis 


viewing, documenting, or debugging a 
program, especially when programmers 
work together on the same project. 
SourcePrint adds line numbers to the left 
margin of each printout through the # 
command-line option. Line numbers nor- 
mally start at 1 but may begin at any in- 
teger value. 


Sample C code before SourcePrint formatting 
/7* Thia ia a set of C routines to demonstrate Source Print */ 


7* <t>Boldface routines */ 
dobold Ciar) 2 
int iar 


char c, d, *p3 
int i, j, goods; 


iar--3 c = toupper(linebufLilinel])5 


good = 05 


if (nboldin >= MAXBOLDL = 2) return (0)5 


while (iar < nres && aresLiarJ£0] EQ c) 


{ 


if ((d = aresLiarJ[£1]) EQ 0 || d EQ toupper(linebufliline + 11) 


» 
< 


p = &CaresLiarJ[1]) 3 j = iline + 13 
while € (d = *p) && d EQ toupper(linebuffjl1) >) 


{ pets j+tilc> 
> z 


if © *p EQ O 8& isalnum(linebuffjd) EQ 0) 


< good = 13 iar = nres$ 
> 

> 

iar++;5 

2 


if (good EQ 0) 
err(“Tag not found’); 


boldlistinboldin++] = j | 0x4000; 


return (133 
> 


err (m) 

char #m5 

< 

printf (“Error %s", m)3 
> 


Figure 1. 


15 


Unless suppressed, each page of the 
printout contains a two-line header. The 
first line displays the file’s name plus the 
creation date and time. This information 
is taken from the MS-DOS directory. 
The second line includes the date and 
time of the printout, plus the name of the 
first C function, Pascal function or pro- 
cedure, Modula-2 module or procedure, 
BASIC or FORTRAN function or sub- 
routine, or dBASE procedure on the 
page. The header also includes the page 
number and the range of line numbers 
printed on that page. 

SourcePrint uses the source code file 
name as the default title for the printout, 
with routines and procedure names used 
as subtitles. However, the user can em- 
bed descriptive titles and subtitles in the 
source listing within comment lines. The 
format is easy to remember and use, as 
shown in this program fragment: 


program ar; { <t>Accounts Receivable 
var ba:Integer { <s>variable definition 


procedure add1; { <s>define add] } 
begin; 


Automatic indentation of source lines 
according to nesting level is enabled with 
the command-line option a. Four inden- 
tation styles are supported: normal, C- 
style, C-style with initial indent, and al- 
ternative Pascal style. To use automatic 
indentation, the user must specify the 
programming language used—Source- 
Print isn’t capable of determining the 
language from the file extension. To 
print TEST.C with a four-character 
automatic indent, the command must be 
sp test.c /a4c. Figures 1 and 2 are sam- 
ples of C code shown both before and 
after SourcePrint formatting. 

In BASIC, nesting levels are affected 
by FOR, NEXT, WHILE, and WEND 


Sample C code after SourcePrint formatting 


09-27-87 13:07:10 alz.c Boldface routines Pg 1 
Tue 09-29-87 17:46:13 dobold of 1 
1-43 
1 /“/* This is a set of C routines to demonstrate Source Print */ 
2 
3 
bes /* <t>Boldface routines */ 
5 
6 
ve dobold (iar) 
8 INT iar; 
9 t 
10 CHAR c, d, *p3 
41 INT i, j, good; 
ie ‘ : 
de dar--3; ¢c = toupper(linebuflilinel)5 
14 good = 03 : 
15 IF (nboldin >= MAXBOLDL - 2) RETURN (0); 
16 
Tz WHILE (iar < nres && aresCiarJ[0] EQ c) 
18 € 
19 IF ((d = aresCiarJ£13> EQ 0 || d EQ toupper(linebufLliline + 
Teme: Bae 
20 & 
21 p = &aresCiar][£1]> 5 j = iline + 15 
22 WHILE ¢ (d = *p) && d EQ toupper(linebuflj]) > . 
23 € pets j++5 : 
an ae, 
a) IF ¢ *p EQ 0 && isalnum(linebuf[j]) EQ 0) 
26 c= good = 15 iar = nres; 
27 > 
28 > 
2 lart++$ 
30 > 
31 
32 IF (good EQ 0) 
33 err("Tag not found’); 
34 
35 boldlistinboldin++] = j | 0x4000; 
36 i RETURN (1)5 
37 See 
38 
33 err (m) 


40 CHAR *m; 


41 te cee 
42 cE 
43 > 


printf (Error Zs", m)5 


statements; in C, by curly braces; in Pas- 
cal, by begin:..end, repeat...until and 
case...end; and in dBASE, by if...else... 
endif, do while...enddo, do case...end- 
case, and text...endtext. Note that 
SourcePrint does not recognize the spe- 
cial control structures found in extended 
BASICs such as True BASIC. Also, 
GW-BASIC files must have been stored 
on disk as ASCII files with the A switch. 

In addition to producing printed list- 
ings, SourcePrint is capable of format- 
ting source files directly. The JustCopy 
command (use the 7 command-line op- 
tion) produces a new, ready-to-compile 
source file on disk, neatly formatted with 
the appropriate indentations. 

SourcePrint’s extraction feature, used 
with the @ command-line option, allows 
the user to select a portion of the source 
file, by line range or routine names, to 
print or write to disk. 

Vertical lines showing the nesting level 
are printed with the g command-line op- 
tion, even if automatic indentation isn’t 
selected. The lines connect the beginning 
and ending keywords for each level. 
SourcePrint uses the IBM-style graphics 
characters where possible, downloading 
these characters if necessary to dot-ma- 
trix printers like the Epson FX series. On 
other printers, lines are drawn with 
graphics commands or the +, -, and 
characters. SourcePrint uses half-line 
feeds to draw solid (instead of broken) 
vertical lines if the # command-line op- 
tion is given in place of g. 

Equally valuable is emphasis mode, se- 
lected with the e command-line option, 
which prints keywords within the listing 
in italics, boldface, or underscore mode. 
When a language is selected, Source- 
Print uses an internal dictionary to iden- 
tify words for emphasis. If the language 
dialect in use differs from SourcePrint’s 
internal dictionary, the user can create a 
disk file containing a list of additional 
keywords to emphasize and built-in 
keywords not to.emphasize. SourcePrint 
allows as many as 200 active keywords, 
each as long as 12 characters. Spaces 
may be embedded within a keyword. 

Out of the box, SourcePrint knows 
how to emphasize keywords on Epson, 
IBM, Okidata, and HP LaserJet print- 
ers. The manual includes instructions on 
how to select emphasized printing on 
other printers, assuming you know the 
control sequences for bold, underline, or 
other special printing styles. 

Yet another enhancement function: 
The 08 option translates all keywords to 
uppercase. This option may be used in 
conjunction with or instead of the e 
option. 

SourcePrint’s index and identifier 
cross-reference, useful additions to a pro- 


How A 


C Programmer 
Became A Screen 


Screens, the Visible Part 
of Your Program. 
A program is often judged by how well 
the screens are executed. However, 
the real creativity lies in what goes on 
behind the screens. 


ScreenStar is a product that allows your 
real creativity to light up the screen. It 
reduces costly screen, window, and data 
validation development time. 


You Take the Bows, We 
Write the Code. 


Our natural drawing commands allow 
you to paint any screen imaginable. 
Press one key when you are satisfied and 
ScreenStar produces concise, commented, 
ready-to-compile code. This allows 
immediate testing of the I/O screens, 
including smooth, even scrolling 
between multiple screens. 


Create or capture complex screens with 
data-entry filters built in. 


If all ScreenStar did was turn screens 
into code it would be a useful tool. Yet 
ScreenStar also permits a wide range of 
field types. Some of the choices include 
date, alphanumeric, telephone, yes/no, 
dollar, time and-user-definable fields. 


Other valuable data-entry filters are 
built in, such as required field, display 
only, and many others. All screen fields 
are generated with error-checking routines. 


CIRCLE 65 ON READER SERVICE CARD 


ScreenStar is a trademark of Essential Software Inc. 
Dan Bricklin’s Demo Program is a trademark of Software Garden Inc. 


* Interactive screen painting and 
subsequent code generation. 


ScreenStar Not Only Captures 
Your Imagination, 
It Captures Screens. 
The memory-resident capture program 
converts any screen into a ScreenStar 
file in seconds, including those generated 
by programs like Dan Bricklin’s Demo 
Program. 


%* Multiple screen design and scrolling. 


* TSR screen capture program, works 
with any program including Dan 
Bricklin’s Demo Program. 


* Complete window design including 


ScreenStar Sets the Stage Spee ‘ 
overlapping window functions. 


for Windows. 
ScreenStar comes with a complete 
window generating library. You design 
the help screens and pop-up windows. 


* Screens are compressed into data 
structures, and remain a permanent part 
of the program. No messy data files to 


Essential ScreenStar windowing look for. 

functions tie them together in one 

smooth package. Price ye $ 99 
Curtain Call. W/Source add $99 


They may not ask for your autograph, 
but they will want to know how you did 
those screens. Screenstar is more than a 
screen-painting program. It is a 
screen processor. No professional 
programming environment will 
be complete without 
this product. 


Audition Our Product 


We know you will enjoy 
using ScreenStar. However, 
should you give it less than 
rave reviews, return it 
within 30 days for a full 
refund. 


(201) 762-6965 


Essential Software 

South Orange Plaza 

76 South Orange Ave., Suite 3 
South Orange, NJ 07079 


If you want 
unmatched 
performance and 


portability, we 
have it. The 
hottest file 
handler and 


report generator | 


on the market. | 


The c-tree file handler offers 
unmatched file accessing speed. The 
r-tree report generator makes pro- 
ducing reports a snap. Both pack- 
ages offer unmatched portability. 
Thousands of programmers are 
using these packages in over 50 sys- 
tem environments: DOS, UNIX, 
XENIX, OS/2, MACINTOSH, VAX, 
TOWER and YOURS. 


More for your money e complete 
C-source code e single and multi-user 
- capability e no royalties e unlimited 
free technical support e port to all 
machines........ for one price. 


c-tree features e fixed and variable * : 


length data records « record locking 
e variable length keys and key 
compression e overcomes OS file 
MIMI essere ss sanevneh and more. 


r-tree features no printer spacing 
charts e change reports without 
recoding e unlimited control breaks, 
accumulators and virtual field calcu- 
lations e powerful search, select 
and sort capabilities over multiple 
files..... saves days of coding. 


FairCom’s unmatched products will 
work for you. Order.c-tree today for 
$395, r-tree for $295. When ordered 
together, r-tree is only $255. For 
VISA, MasterCard and C.O.D. orders 
call (314) 445-6833: For c-tree 
benchmark comparisons, write us at 
4006 West Broadway, Columbia, 
MO 65203. 
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gram’s documentation, are selected with 
the i option. Depending on option qualifi- 
ers, the tables can be for all identifiers, 
for global identifiers, or only for func- 
tions, procedures, and subroutines. The 
tables may refer to identifiers by line 

- number, subtitle, or procedure, function, 

or subroutine name. 

Within the tables, identifiers are 
flagged according to the type of access: . 
for a simple access, = for an assignment, 
< for the declaration of a routine or la- 
bel, p for a routine parameter or array 
index, & for a variable address, or w for 
potential changes within a dBASE cal... 
with or do...with structure. 

Identifiers are not always flagged with 
=; the documentation cites assignments 
within macros and assignments using 
points as two such cases. 

The k option generates a table of con- 
tents. The table of contents includes titles 
and subtitles plus all functions, proce- 
dures, and subroutines. 

SourcePrint works quickly, formatting 
and printing to disk a 1,935-line, 31,636- 
byte Mark Williams C/86 file in 11 sec- 
onds on an 80286-based Compaq Porta- 
ble III. The new source file, weighing in 
at 40,050 bytes, compiled without 
complaint. 

The same source file, run through 
SourcePrint to add page headings, auto- 
matic indentation, keyword emphasis, 
vertical nesting lines, table of contents, 
index, and cross reference, was written to 
disk in 53 seconds. The resulting output 
file measured 132,562 bytes and included 
a three-page table of contents, 36 pages 
of source listing, and eight pages of com- 
bined index and cross-reference table. 

SourcePrint’s well-written, complete 
manual includes 83 pages of program de- 
scription and 20 pages of quick-reference 
information. It includes a handy pull-out 
card that summarizes commands and 
options. 

SourcePrint’s output is certainly ade- 
quate for the task of debugging source 
code and for providing documentation for 
complex programming projects, reminis- 
cent of the compile-time listings provided 
by mainframe languages. The ability to 
define keywords for enhancement adds 
flexibility to an already versatile product. 

Don’t expect SourcePrint to compen- 
sate for poor programming style; it’s up 
to the user to structure programs in an 
organized and efficient manner. But any- 
one could benefit from SourcePrint’s 
neat, consistent source listings. It’s al- 
ready a valuable part of my program- 
ming tool kit. is | 


By Alan L. Zeichick 


c-tree /r-tree 
By FairCom 


4006 W. Broadway Columbia, MO 65203 


UNIX is trademark of ATGT, MACINTOSH is trademark licensed to Apple Computer Company, 
VAX is trademark of DEC, TOWER is trademark of NCR, XENIX is trademark of Microsoft 


KYOTO COMMON LISP and GNU EMACS 
have been merged into one high- 
performance LISP & C programming tool! 


CANADA’S 
SOURCE FOR C 


— Canadian Sales 
— Canadian Service 
— Canadian Technical Support 
— Canadian Product Knowledge 


THINK (N 
LISP ¢ 


BUILD INGAOM mies; 
EMACS “Myc 


RUN INC 


We specialize in programming & development software 


LIFEBOAT e LATTICE e GREENLEAF e PHOENIX 
SOFTCRAFT ¢ MICROSOFT e BLAISE e ESSENTIAL 
AGE OF REASON e DESMET e AZTEC 
MARK WILLIAMS e GIMPEL e ROUNDHILL e GSS 
HALO e FAIRCOM e RAIMA @ INTEL @ etc. @ etc. @ 


FOR SUN CARTRIDGE TAPE OR 
MICROPORT SYSTEM V FLOPPIES 
INCLUDING ALL SOURCE CODE 
SEND $250 


free shipping on prepaid orders 
MASTER CARD/VISA 


THE AUSTIN CODE WORKS 
11100 LEAFWOOD LANE 
AUSTIN, TEXAS 78750-3409 
512-258-0785 


== Call for full price list—Dealer enquiries welcome & 


We know our products — we use them! 


SCANTEL SYSTEMS LTD. 


801 York Mills Rd., Don Mills, Ont., M3B 1X7 
(416) 449-9252 
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WINDOWS —MENUS — DATA ENTRY— SCREENS 


HI-SCREEN XL- 


If you program, you must try HI-SCREEN XZ ! 


HI-SCREEN XZ is the only tool that gives you all of the following 
(and much more) whatever programming language you use: 


For those who need a 


FAST C COMPILER with 8087 & software floating 
point and a full DOS 3 compatible STDIO library 

FAST 8086 ASSEMBLER thats stand-alone, or 
inline with no separate assembly step 

FAST LINKER that makes stand-alone .EXE files 
with both memory and disk-based overlays 

SOURCE DEBUGGER for both C and Assembler 


© Unlimited number of screens & © Scrolling capability 
windows e Full-featured WYSIWYG screen 


: : 3 indows fi editor 
FULL SCREEN EDITOR that edits 2 files with no ee a 
size limits & can invoke the Compiler & Linker  Pull-down, pop-up and Lotus-style © Data entry test mode under the 
ith li i menus editor 
GRAPHICS package with line and text functions see ee oe 
e Field checking (for type, range, © © Ease of maintenance: modify 
format,...) screens without recompiling _ 


DeSmet DC88& 


We’ ve combined our popular DeSmet C88 Development Package with 
the DeSmet D88 Debugger and our Graphics Package. Library source 
code is available separately. 


$99 


Field by field andjor full screen your program. 
input modes : 


Includes the HI-SCREEN XZ Toolbox: 
e Capture existing screens from other applications 
Trace compiled programs 

e Print screens with clear data field description 

© Use screensiwindows/menus from DOS and Batch files 
e Create titles & logos with predesigned font screens 


Softway, Inc. © $149 - Risk Free 


C Ware 


P.O. Box 428, Paso Robles, CA 93447 Po!Soft Product Line paar 
‘e O iu y ih a * 
Phone:(805)239-4620 Telex: 358185 BBS: (805)239-4834 See wemciNae in CA (415) 397-4666 


We accept VISA, MC & AMEX. Call now and we'll ship today 
945 Spring St #14, Paso Robles, CA 93446 


For PASCAL, C, dBASE, BASIC, COBOL, FORTRAN 
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“Ada is a registered trademark of the U.S. Government (AJPO). 


_» Company 


Introducing PC AT Version 3 


The Serious Ada Compiler 
For Serious Ada Programmers 


If youre a serious Ada programmer today, or expect to be one—if 
youre serious about DoD business and those new DoD directives 
—you look for a lot more in your Ada compiler than just validation. 
And the new fourth-generation Alsys Ada compiler Version 3 for 
the PC AT and compatibles gives it to you. 


Take code quality, for example. Version 3 generates the highest 
quality code of any Ada compiler on any machine! Check the PIWG 
benchmarks, and those of U-Michigan. Compare the quality with 

. code from the mature C and Pascal compilers youre used to. Check 
especially where you might need quality most, and where Version 3 
shines—in the implementation of procedure calls and exceptions. 
The elimination of code associated with unused subprograms gives 
you large reductions in code size in many applications. 


Consider the Runtime Executive. True production quality. No 
exception-handling overhead is incurred unless an exception is 
actually raised. The Runtime is optimized for programs running in 
limited memory, or running for a long time. That’s serious. 


Consider the Ada-specific high level optimizer technology (not 
derived from Fortran or C) that removes redundant constraints 
checks and does so much more for code quality. 


Consider robustness and reliability. Version 3 is written in Ada 
and bootstrapped through itself. That's proof right there that it will 
compile 400,000 lines of Ada code. Beyond validation, we test our 
compilers on hundreds of thousands of lines of extra code—from 
the ACEC tests, and from Ada Repository programs, and from our 
own specially designed code that breaks most other compilers. 


There's a lot more that’s serious about Version 3. The new Multi- 
Library environment, for example, that maximizes the efficiency 
of programming teams; error messages that correct, instruct, and 
speed the programming process; human engineering; superb 
documentation and customer support 


Send for our free brochure 
The Many Facets of Quality, 
Inthe US: Alsys Inc., 1432 Main St., Waltham, MA 02154 Tel: (617) 890-0030 
In the UK: Alsys Ltd., Partridge House, Newtown Rd., Henley-on-Thames, 
Oxon RG9 1EN Tel: 44 (491) 579090 


In the rest of the world: Alsys SA, 29 Avenue de Versailles, 78170 La Celle 
St. Cloud, France Tel: 33 (1) 3918.12.44 


SESS HHSSHHSSHSHSHSHSHSHHHSHSHHSHHSHHHHHHHHHHHHHSHHHHHHHHHHHOHHHOHOOSH 


Send me The Many Facets of Quality. 
Send me mére information on the PC AT Version 3 Compiler. The Many Facets of 


Call me. Quality 


Name. 


Address. 


City State. Zip. 
Phone. 


GUISWIS 


CL 12/87 


Alsys, Inc. * 1432 Main Street * Waltham, MA 02154 
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COMPUTER LANGUAGE 
1987 Index 


This index is a compilation of all articles, departments, and reviews published 
in COMPUTER LANGUAGE in 1986. It is broken down into four categories: 
Article subjects, Departments, Product wrap-ups, and Software reviews. Entries 
in all categories except Software reviews are chronological under 
alphabetized subheadings; in the Software review section, all entries are 


alphabetical only. 


Article subjects 


Ada 

“Automating Conversion: FORTRAN to 
Ada via Ada,” L.B. Eliot and F.L. Holli- 
day, Jul 87, 63-70. 

“The Road to Ada Tasking,” A. Tetewsky, 
Aug 87, 49-62. 
I 


“Will the Real AI Language Please Stand 
Up?” H. Newquist III, Jul 87, 58-59. 

Algorithms 

“Protect your files with CRYPT,” A. 
Filipski, Feb 87, 69-73. 

“Searching for errors,” Feedback, Mar 87, 
9-11. 

“A Simple Data Compression Technique,” J. 
Sant, Mar 87, 65-66. 

“A Recipe for Self-Decorating Eggs,” C.A. 
Pickover, Nov 87, 55-58. 

“Building an Encryption System,” P. 
Wayner, Dec 87, 67-72. 

“Pattern Matching Alternatives: Theory vs. 
Practice,” J. Purdum, Nov 87, 34-44. 

ANSI C standard 

“ANSI C Standard Report,” J. Brodie, Feb 
87, 47-49. 

“Son of PC Meets the C Monster,” P.J. 
Plauger, Feb 87, 41-44. 

Assembly 

“Manipulating FATs with FORTRAN and 
Assembly,” R. Benser, Apr 87, 53-60. 

“From Turbo Pascal to Assembly and Back,” 
M. Bertrand, Sep 87, 51-56. 

C language 

“Son of PC Meets the C Monster,” P.J. 
Plauger, Feb 87, 41-44. 

“The Only GOOD Bug is a DEAD Bug,” 
E.H. Currie, Feb 87, 61-64. 

“Keyboard Filtering in C,” L. Williamson, 
Feb 87, 81-86. 

“Tinylib: A Portable Run-time Support Li- 
brary,” J. Kyle and C. Rabinowitz, Mar 
87, 51-58. 

“Moving Applications from dBASE to C,” 
R.L. Roth and B. Spear, May 87, 67-73. 

“PROLOG and C Join Forces, M.H. Mat- 
thews, Jul 87, 34-44. 

“Multiway Branching in C,” A. Filipski, Jul 
87, 75-80. 

“Efficient Programming with Optimizing C 
Compilers,” T.J. Kelly and A. McIntosh, 
Aug 87, 34-41. 

Cae-F 

“Out of the C World Comes C++,” S.C. 
Dewhurst and K.T. Stark, Feb 87, 29-36. 


Conversion 

“Automating Conversion: FORTRAN to 
Ada via Ada,” L.B. Eliot and F.L. Holli- 
day, Jul 87, 63-70. 

Data bases 

“Understanding Relational Data Bases,” P. 
Conte, May 87, 47-62. 

“Moving Applications from dBASE to C,” 
R.L. Roth and B. Spear, May 87, 67-73. 
“Prototyping: Getting a Jump on Data Base 

Design,” R.D. Wickes, Oct 87, 47-55. 

Debugging 

“The Only GOOD Bug is a DEAD Bug,” 
E.H. Currie, Feb 87, 61-64. 

“A Source-Level Symbolic Debugger for 
UNIX,” D. Livshin, Jun 87, 53-56. 

Design methodologies 

“Transition Analysis: From One State to An- 
other,” M.R. Middlemas, Jan 87, 31-36. 

“Data Flow Diagrams,” J. Celko, Jan 87, 
41-43. 

“Structure Charts,” G. Higgins, Jan 87, 
45-48. 

“Developing Modular Programs,” G. 
DeWilde, Jan 87, 51-55. 

“The Outline Processor: A Tool for Program 
Design,” W.E. Howard III, Jan 87, 75-81. 

“Data Structures and Scrolling,” J.P. 
Schachter, Feb 87, 75-79. 

“Prototyping: Getting a Jump on Data Base 
Design,” R.D. Wickes, Oct 87, 47-55. 

DOS 

“Beyond PATH: Improved File Searching,” 
J. Standley, Mar 87, 37-39. 

“Advanced MS-DOS Batch Procedures,” M. 
Higgins, Apr 87, 45-49. 

“Save Time With PUSH,” C. Vergoz-Rekis, 
Jun 87, 34-42. 

File access tables 

“Manipulating FATs with FORTRAN and 
Assembly,” R. Benser, Apr 87, 53-60. 

Forth 

“Peephole Optimization in Forth,” R. Wilton, 
Aug 87, 43-46. 

Fractals 

“Formulating Fractals,” S.D. Casey, Apr 87, 
28-40. 

FORTRAN 

“Manipulating FATs with FORTRAN and 
Assembly,” R. Benser, Apr 87, 53-60. 

“Reliable FORTRAN with MAT,” G.M. 
Berns, Jun 87, 59-63. 

“Automating Conversion: FORTRAN to 
Ada via Ada,” L.B. Eliot and F.L. Holli- 
day, Jul 87, 63-70. 

Games 

“Darwin: A Survival Game for Program- 
mers,” G.A. Edgar, Apr 87, 79-86. 


“Travesties and Transformations in Modula- 
2,” J. Taylor, Apr 87, 63-74. 

Graphics 

“Generating Curves on the Micro,” M. Bran- 
nigan, Mar 87, 27-32. 

Keyboard filtering 

“Keyboard Filtering in C,” L. Williamson, 
Feb 87, 81-86. 

Languages 

“Programming in the 1990s,” Dec 87, 34-43. 

“Languages Past, Present, & Future,” D. 
Taylor, Dec 87, 57-62. 

LEX 


“Learning about LEX,” D.L. Fox, Feb 87, 
51-56. 

Math packages 

“A Math Utility Package for Pascal,” B. 
Zorich, Sep 87, 69-74. 

Modula-2 

“Travesties and Transformations in 
Modula-2,” J. Taylor, Apr 87, 63-74. 

“The Five Dining Philosophers: A Scheduling 
Problem in Modula-2,” D.E. Parson, Sep 
87, 34-46. 

Multiway branching 

“Mulitway Branching in C,” A. Filipski, Jul 
87, 75-80. 

Object-oriented programming 

“Object-oriented Programming with 
SCOOPS,” J.D. McGregor, Jul 87, 49-56. 

Optimization 

“Efficient Programming with Optimizing C 
Compilers,” T.J. Kelly and A. McIntosh, 
Aug 87, 34-41. 

“Peephole Optimization in Forth,” R. Wilton, 
Aug 87, 43-46. 

OS/2 

“Inside OS/2,” V. Vernon, Dec 87, 47-55. 

Outline processors 

“The Outline Processor: A Tool for Program 
Design,” W.E. Howard III, Jan 87, 75-81. 

Parsing 

“Parsing an Equation Without Recursion,” S. 
Magruder, Jun 87, 45-48. 

Pascal 

“From Turbo Pascal to Assembly and Back,” 
M. Bertrand, Sep 87, 51-56. 

“Seven Turbo Pascal Idiosyncracies and How 
to Deal with Them,” T. Rugg and P. Feld- 
man, Sep 87, 59-64. ° 

“A Math Utility Package for Pascal,” B. 
Zorich, Sep 87, 69-74. 

Pattern matching 

“Pattern Matching Alternatives: Theory vs. 
Practice,” J. Purdum, Nov 87, 34-44. 

Pick 

“Pick: A Multilingual Operating System,” 
C.M. Somerville, May 87, 34-42. 
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PROLOG 

“PROLOG and C Join Forces,” M.H. Mat- 
thews, Jul 87, 34-44. 

Prototyping 

“Prototyping: Getting a Jump on Data Base 
Design,” R.D. Wickes, Oct 87, 47-55. 

Scheduling 

“The Five Dining Philosophers: A Scheduling 
Problem in Modula-2,” D.E. Parson, Sep 
87, 34-46. 

SCOOPS 

“Object-oriented Programming with 
SCOOPS,” J.D. McGregor, Jul 87, 49-56. 

Scrolling 

“Data Structures and Scrolling,” J.P. 
Schacter, Feb 87, 75-79. 

Searching 

“Multiple Word Searches with LFIND,” E.J. 
Smith, Nov 87, 47-53. 

Sorting 

“Unraveling unshuffle,” Feedback, Jan 87, 
7-9, 

“An Iterative Approach to Quicksort,” E. 
Addy and L. Graham Jr., Oct 87, 67-70. 

“Megasort: A Distribution Sort,” S. Heller, 
Nov 87, 63-68. 

Source code generators 

“Source Code Generators,” W.A. Barrett, 
Jan 87, 59-70. 

“A Translator for Lazy Programmers,” T.J. 
Egan, Jun 87, 65-74. 

Static analyzer 

“Reliable FORTRAN with MAT,” G.M. 
Berns, Jun 87, 59-63. 

Storage 

“WORM (Write Once, Read Many) Trees,” 

' EJ. Smith, Oct 87, 36-42. 

Text editors 

“Customize Your Text Editor,” D.P. Yeager, 
Mar 87, 41-49. 

Translators 

“A Translator for Lazy Programmers,” T.J. 
Egan, Jun 87, 65-74. 

UNIX 

“Learning about LEX,” D.L. Fox, Feb 87, 
51-56. 

User interfaces 

“Build Your Own User Interface,” W. Mea- 
cham, Oct 87, 57-62. 

WORMs 

“WORM (Write Once, Read Many) Trees,” 
E.J. Smith, Oct 87, 36-42. 


Departments 


AI-Eye 

“Simplifying the shell game,” S. i, ‘Shepard, 
Jan 87, 23-28. 

“Building the basic AI bookshelf,” S.J. Shep- 
ard, Mar 87, 21-24. 

“Conversing with Tiny ELIZA,” S.J. Shep- 
ard, May 87, 27-32. 

“80386 promises a new age for AI,” S.J. 
Shepard, Jul 87, 27-32. 

“In search of search,” S.J. Shepard, Sep 87, 
81-84, 

Search time and search space,” S.J. Shepard, 
Dec 87, 79-84. 

Computer Visions 

“Richard Gabriel, LISP’s ambassador-at- 
large,” B. Burch, Jan 87, 93-98. 

“The Wards: Mom and Pop of the C Users’ 
Group,” R.S. Ridley, Feb 87, 97-100. 

“The last true hacker: Richard Stallman,” J. 
Getts, Mar 87, 99-107. 

“Timothy Leary and the CyberPunks,” C. 
LaGrow, Apr 87, 111-116. 
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“Charles Duff, ACTOR’s Shakespeare,” J. 
Getts, Jun 87, 29-32. 

“Cordell Green and the Age of Reasoning,” 
B. Burch, Aug 87, 25-32. 

“The making of a computer bookstore,” K. 
Kincade, Sep 87, 95-99. 

“Jeff Garbers and the ergonomics of soft- 
ware,” J. Getts, Oct 87, 79-86. 

Designing with Data Bases 

“Fourth generation languages and DBMSs,” 
M. Rapaport, Mar 87, 69-72. 

“DBMSs in the real world,” M. Rapaport, 
Apr 87, 95-100. 

“Directory and dictionary components,” M. 
Rapaport, May 87, 79-85. 

“Data base integrity,” M. Rapaport, Jun 87, 
87-94. 

“Fidelity and the full relational model,” M 
Rapaport, Jul 87, 93-97. 

“Putting the relational model in perspective,” 
M. Rapaport, Sep 87, 23-32. 

“Fourth generation languages,” M. Rapaport, 
Oct 87, 25-34. 

“Screen and report generators,” M: Rapa- 
port, Nov 87, 25-32. 

“Exploring report-generating utilities,” M. 
Rapaport, Dec 87, 25-32. 

Exotic Language of the Month Club 

“SALT: BASIC and a threaded language,” 
R. Rozman, Jan 87, 87-90. 

“Edison: Less and more than a Pascal dia- 
lect,” B. Clausing, Mar 87, 83-96. 

“WHEREFOR: Destroying another myth,” 
J.L. Star, Apr 87, 103-104. 

“NPL: A nonprogrammer’s data base lan- 
guage,” T.D. Truitt, Jun 87, 97-104. 

“Knowledge representation with CRL,” D. 
Schuler, Jul 87, 99-103. 

“Turing: More powerful than Pascal,” R.C. 
Holt, Sep 87, 87-92. 

“Beyond text editors with VAXTPU,” L. 
Struttmann, Nov 87, 79-89. 

“MPS: Designed for business computing,” E. 
Joyce, Dec 87, 87-90. 

Programming on Purpose 

“Handling exceptions,” P.J. Plauger, Jan 87, 
15-20. : 

“Which tool is next?” P.J. Plauger, Feb 87, 
15-19. 

“Order out of chaos,” P.J. Plauger, Mar 87, 
13-19. 

“You must be joking,” P.J. Plauger, Apr 87, 
15-19. 

“Marrying data. structures,” P.J. Plauger, 
May 87, 17-22: 

“Divorcing data structures,” P.J. Plauger, 
Jun 87, 19-24. 

“Who’s the boss?” P.J. Plauger, Jul 87, 
17-22. 

“By any other name,” P.J. Plauger, Aug 87, 
15-21. 

“Honestly, now,” P.J. Plauger, Sep 87, 
13-19. 

“Chaos out of order,” P.J. Plauger, Oct 87, 
17-22. 

“Synchronization in hard-to-easy design,” 
P.J. Plauger, Nov 87, 15-21. 

“Synchronization, part II,” P.J. Plauger, Dec 
87, 13-21. 

Public Domain Software Review 

“Financial calculations and Batch files,” T. 
Parker, Jan 87, 83-85. 

“Libraries for C—and one for Turbo Pascal,” 
T. Parker, Feb 87, 91-94. 

“Pirates, hacks, and trojans,” T. Parker, Mar 
87, 75-78. 

“Trojans revisited, CROBOTS, and ATC,” 
T. Parker, Apr 87, 91-93. 


“Encryption and an APL plotting routine,” 
T. Parker, May 87, 75-77. 

“Hercules cards, fast disk copies, and even 
more on trojans,” T. Parker, Jun 87, 79-82. 

“Software metrics and EDDY,” T. Parker, 
Jul 87, 85-89. 
“Surface plots, PHO/NET, and a Mac 
sourcebook,” T. Parker, Aug 87, 67-69. 
“dBASE becomes a SNAP!; a C graphics li- 
brary,” T. Parker, Sep 87, 77-79. 

“Inference engines, accounting, and C con- 
version,” T. Parker, Oct 87, 75-77. 

“Pascal programming aids and PC- 
FASTYPE,” T. Parker, Nov 87, 73-76. 

“SPL and SeekEasy,” T. Parker, Dec 87, 
WS=1. * 

Theory and Practice 

“Eight diversions to keep your Cray out of 
mischief on a cold winter’s night,” B. 
Hayes, Feb 87, 21-26. 

“Mutant languages from the LISP lab,” B. 
Hayes, Apr 87, 23-26. 


Product wrap-ups 


Ada 

“Ada compilers: Mission-critical software for 
the PC—Part IJ,” B.A. Bergman, W.H. 
Murray, and C.H. Pappas, Jan 87, 123- 
127. Alsys PC/AT Ada Compiler (Alsys), 
GSC/ICC Ada Compiler (General Sys- 
tems Components). 

B-tree filing systems 

“B-tree filing systems for C,” S. Lewis, Aug 
87, 113-126. c-tree (FairCom), BTree & 
ISAM (Softfocus), Btrieve (SoftCraft). 

C compilers and interpreters 

“C interpreters,” I. Ashdown, Feb 87, 
103-122. C-Terp (Gimpel Software), In- 
stant-C (Rational Systems), Interactive-C 
(Impace Associates), Apprentice C (Manx 
Software Systems), Run/C Professional 
(Lifeboat Associates). 

“MS-DOS compilers over $200,” D. Kessler 
and A. Binstock, Feb 87, 124-136. Aztec 
C86 (Manx Software Systems), C Pro- 
gramming System (Mark Williams Co.), 
High C (Metaware), Lattice MS-DOS C 
(Lattice), Microsoft C (Microsoft Corp.), 
Whitesmiths C (Whitesmiths Ltd.), Wiz- 
ard C (Wizard Systems). 

“MS-DOS C compilers under $200,” A. Bin- 
stock, Feb 87, 143-154. Datalight C, De- 
velopers Kit, Optimum C (Datalight), 
DeSmet C Development System (C Ware 
Corp.), Eco-C88 Compiler (Ecosoft), Mix 
C (MIX Software). 

“Macintosh C compilers,” D. Caldeway, Feb 
87, 156-162. Aztec C68K (Manx Software 
Systems), DeSmet/Ouye C (CWare 
Corp.), Hippo C Level 2 (Hippopotamus 
Software), LightspeedC (Think Technol- 
ogies), Mac C/Mac C Toolkit (Consulair 
Corp.). 

“Atari ST C compilers,” J. Allen, Feb 87, 
162-165. Mark Williams C (Mark Wil- 
liams Co.), Megamax C (Megamax), Me- 
tacomco’s Lattice C (Metacomco). 

“Amiga C compilers,” K. Brand, Feb 87, 
166-170. Lattice AmigaDOS C (Lattice), 
Aztec C68K/AM (Manx Software 
Systems). 

C function libraries 

“12 function libraries for C developers,” G. 
Defenbaugh, H. Modell, and R. Smedley, 
Aug 87, 79-110. Blackstar C Function Li- ° 
brary (Sterling Castle), C Function Li- 
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Now you can use QPARSER + to develop compilers, 
interpreters, complex user-interfaces, language & file for- 
mat translators (i.e. Pascal to C, Bit Map to Postscript), 
language debuggers like lint, etc. 


Develop language translators in C and Pascal within the 
IBM PC/XT/AT or VAX/VMS environments. A new user 
manual, automated syntax tree construction and an ad- 
vanced code generation language are just a few of the 
improvements over the original QPARSER. 
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_ tAnother translation by QPARSER+ 
Just $475 (PcrT/aT) — [FIREE demo disk available 


1 
I QCAD Systems 
1164 Hyde Avenue, San Jose CA 95129 (408) 727-6884 
— Quiside Calif, call TOLL-FREE (800) 598-9787, 


7 CIRCLE 75 ON READER SERVICE CARD 


Announcing 
WKS LIBRARY 


The Lotus *‘Wrap-Around”’ for C Programs 


Now you can write and read Lotus worksheets 
directly from a C program! 


WKS LIBRARY lets you: 


© avoid time-consuming file translation steps 
© control the execution of 1-2-3 from inside your application 
© use Lotus as a data entry screen in your C program 
© generate “‘live’’ financial statements with formulas for totals 
Feature this: 
© reads and writes .WKS, .WK1 and .WR1 worksheets 
© writes integers, floats, strings, formulas, macros and dates 
using wprintf() 
© reads using wscanf(), converting column contents to C 
variables according to format specs 
© has low-level functions for manipulating individual cells 
© provides Lotus control functions such as: 
formats, column widths, initial cursor position, range 
names, cell protection 
© supports Lattice, Microsoft & Turbo compilers for DOS, plus 
most UNIX environments 
Source Code provided No Royalties on executable programs 


Only $89 ORDER TODAY! 


(includes free Toll-free 
800-line support) (800) 367-9882 


my Tenon Software, Inc. 
| | 1980 - 112th NE, #250, Bellevue, WA 98004 
(206) 453-1914 (in Washington state) 
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Parallel Programming for “C” 


INTERWORK 


A Concurrent Programming Toolkit 


Interwork is a “C” program library which allows you to write 
your programs as a set of cooperating concurrent tasks. Very 
useful for simulation, real-time applications, and experimenta- 
tion with parallel programming. 
FEATURES 
Supports a very large number of tasks (typically more than 
100) limited only by available memory. Low overhead per 
task results in very fast context switching. 
Provides a full set of inter-task communication (ITC) 
facilities, including shared memory, locks, semaphores, 
blocking queues, and UNIX*-style signals. Also has building 
blocks for constructing your own ITC facilities. 
Handles interrupts (DOS version) and integrates them into 
task scheduling. Supply your own interrupt handlers or 
block tasks on interrupts. 
Lets you trace task switches and inter-task communication. 
Comes with complete documentation including a user’s 
manual and reference manual of commands. 


Interwork is available for the following systems: 


Hardware Operating System 

IBMPC, XT, AT PC-DOS 2.0 or later 
IBMPC AT XENIX* $159 
DEC VAX; SUN UNIX 4.2BSD $249 


PC-DOS version is compatible with DeSmet, Lattice, and 
Microsoft C compilers. 

Please specify hardware and operating system when order- 
ing. Shipping and handling included; COD orders add $2.50. 


Send check or money order to: 
AN Block Island Technologies 
Innovative Computer Software 
13563 NW Cornell Road, Suite 230, Portland, Oregon 97229-5892 
(503) 241-8971 


“Trademarks: UNIX, AT&T Bell Laboratories, Inc.; XENIX, 
Microsoft, Inc.; VAX, Digital Equipment Corporation 


Price 
$129 


CIRCLE 73 ON READER SERVICE CARD 


C.A.S. E. 


Harness The Incredible Power And Speed Of Computer Aided 
Software Engineering With The GeneratoR From N—TECH You 
Can... 
> Create Design Diagrams Interactively On Your Computer. 
> Generate Structured Compilable Source Code. 
> Generate Easy-To-Read Documentation. 
> Reduce Development And Maintenance Time And Cost 
All at the same time! 


The GeneratoR is based on the powerful and popular 


Warnier/Orr Methodology for tight, fast, logical programs. 


The GeneratoR Comes With Source Code Generator And Free 


Source Code Convertor For Documentation Of Existing Source 
Code. 


"C" GeneratoR: 
Pascal GeneratoR: 
COBOL GeneratoR: 
DEMO Special: 


$104.95 
$90.95 
$149.95 
$10.00 


Site Licence And Educational Discounts Available 
Please include $150 postage & handling, Visa & MC Accepted. 


To order or receive your free information package, call (913) 354-1618 or write 
SoftWare Support, 717 S. Kansas Ave. Topeka, KS 66603. 
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brary (Entelekon), POLYTRON C Li- 
brary (Polytron Corp.), C-Plus 
(Nostradamus), C Tools Plus (Blaise Com- 
puting), C Utility Library (Essential Soft- 
ware), C-Worthy Interface Library (Cus- 
tom Design Systems), The Greenleaf 
Functions (Greenleaf Software), The 
HAMMER Library (O.E.S. Systems), 
Lattice C-Food Smorgasbord (Lattice), 
PforCe Libraries For C (Phoenix Com- 
puter Products Corp.). 


CASE 
“System design from the ground up,” D. Hall 


and W. Keuffel, Jan 87, 105-121. Analyst 
Designer Toolkit and Compose (Yourdon), 
DesignAid (Nastec Corp.), Excelerator 

(Index Technology Corp.), PCSA (Struct- 


For Programmers Compiling in 


BASIC ¢ C * COBOL * FORTRAN ¢ PASCAL « dBASE™ 


Soft), ProMod (ProMod), Tool-Case (Me- 
dicom Ltd.), Visible Analyst, Visible Ana- 
lyst Rules, Visible Analyst Workbench 
(Visible Systems Corp.). 

COBOL screen managers 

“New tools: COBOL screen management,” 
C. Ballinger, Jun 87, 139-142. 
SCREENIO (NORCOM), Screenplay 
(Flexus International), FORMIX (Master 
Computer Systems). 

Curses 


“Curses!” M. Davidson, Jun 87, 144-149. As- 


pen Scientific Curses Window Develop- 
ment Package (Aspen Scientific), Lattice 
Curses Library (Lattice). 

“C++ for MS-DOS,” K. Bandes, May 87, 
125-127. Advantage C++ (Lifeboat As- 


GLENCO ENGINEERING is committed to providing professional programming 
tools. These sub-routines are completely debugged. and fully documented. 
Hand crafted in ASM, you are assured minimum size and maximum speed. 
You will literally save hundreds of man-hours in design, program and debug 
time. All are CALLABLE routines in .OBJ or .COM format. Please specify 
_language and compiler. NOT COPY PROTECTED. NO ROYALTIES. 


| Create callable pop-up windows, vertical 
menus, and help screens. Set all borders, 
colors, size, position. Window editor 
included. Over 25 commands added $99 
to your compiler. 


| Several low level ROM BIOS routines. Cate- 
gories: KEYBOARD, PRINTER, COMMUNI- 

CATIONS, VIDEO and MISC. 
$99 


; ' Allows virtually any DOS file operation from 


inside your program. Read or set a files’ At- 
| tribute, Mode, Data, Time. Check 
Write protect tab, free space, dir. $99 


Option for above. Adds 30 more menu and 
keyboard enhancement commands. Menu 
items return integer and text allowing 

context sensitive help. $99 


Execute another program or alter DOS inter- 
nal switches from inside your program. Read 
or set DTA, Interrupt Addrs., PSP, 

Verify, MEM; default drive, I/O $ 

and more... 99 


Over 80 subroutines to interface to NETBIOS. 
Transaction process, multitasking, commun- 
ications, and more... Works with 
any system supporting NETBIOS, 
or eqvt. 


*Buy 4 get 5 or Library 6 Pack - $450 
Multiple purchases discount and site licensing. 


NO ROYALTIES 


Call or Write: 


GLENCO |i 


si 


© Borland” — 

e Aztec 

© Wordtech™ — 
* and More 


$99 | 


Arlington Hts. IL 60004 


_ ENGINEERING INC. INC. 


SERVING THE SOFTWARE INDUSTRY SINCE 1979 


(312) 392-2492 Telex 493-71 09 


sociates), Guidelines C+ + (Guidelines 
Software). 
Expert system shells 
“The getting of wisdom: PC expert system 
shells,” B. Olsen, B. Pumplin, and M. Wil- 
liamson, Mar 87, 117-150. ESP ADVI- 
SOR (Expert Systems International), 
EXSYS (EXSYS), IstCLASS (Programs 
in Motion), FLOPS (Kemp-Carraway 
Heart Institute), Insight2+ (Level Five 
Research), Intelligence/Compiler (Intelli- 
genceWare), KDS3 (KDS Corp.), KES 
PS, KES HT (Software Architecture and 
Engineering), KNOWOL-+ (Intelligent 
Machine Co.), Personal Consultant Easy 
(Texas Instruments), RuleMaster (Radian 
Corp.), VP-Expert (Paperback Software). 
Fourth generation language data bases 
“Fourth generation language data bases,” R. 
Finkelstein, W, Patterson, and K. Sista, 
May 87, 89-122. ACCELL (Unify Corp.), 
» Informix (Informix Software), INGRES 
(Relational Technology), Magic PC (Aker 
Corp.), PC/FOCUS (Information Build- 
ers), PROGRESS (Data Language Corp.), 
System Implementation by Example (Soft- 
ware Merchants Unlimited), XDB (Soft- 
ware System Technology). 
Graphics toolkits 
“Three graphics development environments 
for the PC,” R. Reppert, Oct 87, 111-126. 
Halo (Media Cybernetics), GSS*CGI 
(Graphics Software Systems), Meta- 
WINDOWS (Metagraphics Software 
Corp.). 
LISP 
“LISP PC products: Survival of the species,” 
J. Hodges, J. Roland, and R. Parke, Jul 
87, 137-142. ExperCommon LISP (Exper- 
Telligence), Golden Common LISP (Gold 
Hill Computers), IQLISP (Integral Qual- 
ity), Waltz LISP (ProCode International), 
muLISP-86 (Soft Warehouse), Star Sap- 
phire Common LISP (Sapiens Software 
Software Corp.), TransLISP (Solution 
Systems). 
Mac graphics packages 
“Six state-of-the-art Mac graphics pack- 
ages,” C. Cox and D. Caldeway, Oct 87, 
93-106. Comic Strip Factory (Foundation 
Publishing), ComicWorks/Graphic Works 
(Mindscape), Cricket Draw (Cricket Soft- 
ware), Adobe Illustrator (Adobe Systems), 
LaserPaint (LaserWare), SuperPaint (Sili- 
con Beach Software). 
Math packages 
“Math on the micro,” T. Parker, Apr 87, 
121-130. Eureka: The Solver (Borland In- 
ternational), MathCAD (Mathsoft), mu- 
MATH (Microsoft Corp.), SolveIT (Struc- 
tured Scientific Software), TK!Solver 
(Universal Technical). 
PROLOG 
“Death by 1,000 cuts: PROLOG on the 
PC,” S. Engle, J. Hodgson, and J. Vita, Jul 
87, 107-134. ALS PROLOG (Applied 
Logic Systems), Arity/PROLOG (Arity 
Corp.), Chalcedony PROLOG/i (Chalced- 
ony Software), Cogent PROLOG (Cogent 
Software Ltd.), MPROLOG (Logicware), 
PROLOG-2 Professional (Expert Systems 
International), Turbo PROLOG (Borland 
International), VML PROLOG (Auto- 
mata Design Associates). 
Prototypers 
“Program prototypers and the illusion of re- 
ality,” J. McNamee and K. Thompson, Jun 
87, 109-112. Dan Bricklin’s Demo Pro- 
gram (Software Garden), Instant Replay 
(Nostradamus), Screen Master (Genesis 
Data Systems), SKYLIGHTS (Skylight 
Software). 


Screen managers 

“Screen managers: The sharper image,” D. 
Drumheller and M. Wilson, Jun 87, 115- 
125. C-Display Manager (Sydetech Sys- 
tem Development), C-scape (Oakland 
Group), Data & Windows (Magus), 
Greenleaf Data Windows (Greenleaf Soft- 
ware), High Screen (Softway), Panel 
(Roundhill Computer Systems), Vitamin C 
(Creative Programming Consultants), 
Windows for Data (Vermont Creative 
Software), ZVIEW (Data Management 
Consultants). 

“Turbo Pascal prototyping and screen man- 
agement,” J. Powell, Jun 87, 127-137. Say- 
what?! (The Research Group), Screen 
Sculptor (The Software Bottling Co. of 
New York), TurboMAGIC (Sophisticated 
Software), Turbo Master (Hawaiian Vil- 
lage Computer Software). 

“New tools: COBOL screen management,” 
C. Ballinger, Jun 87, 139-142. 
SCREENIO (NORCOM), Screenplay 
(Flexus International), FORMIX-(Master 
Computer Systems). 

“Curses!” M. Davidson, Jun 87, 144-149. As- 
pen Scientific Curses Window Develop 
ment Package (Aspen Scientific), Lattice 
Curses Library (Lattice). 

Turbo Pascal prototypers and screen 
managers 

“Turbo Pascal prototyping and screen man- 
agement,” J. Powell, Jun 87, 127-137. Say- 
what?! (The Research Group), Screen 
Sculptor (The Software Bottling Co. of 
New York), TurboMAGIC (Sophisticated 
Software), Turbo Master (Hawaiian Vil- 
lage Computer Software). 


Software reviews 


Active PROLOG Tutor (Solution Systems), 
E. Taylor, Apr 87, 144. 

Alliance (H&S Software), B.A. Bergman, 
Mar 87, 152-156. 


function libraries 
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compilers 

text editors 

text filters 
communications support 
text formatters 
interpreters 


bulletin boards 


Users’ Group 
Library 


A Directory 


co-routines 

compiler compilers 

window packages 

ESOS of Public Domain 

games C Source Code 

tutorials 

math packages 

link editors 

languages 

on over 100% 

Public Domain 
. Code 


cross compilers 


Cc Source 

pre-processors 

function libraries he Cusers COUP 
PO BOX9 469 


KS 
Pherson. 
MePins6) 241-1065 


disassemblers 
compilers 


text editors 
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APL*PLUS PC System (STSC), T.A. El- 
kins, Apr 87, 135-138. 

Bas_C (Gotoless Conversion), G. Wiorek, 
Nov 87, 114-117. 

BRIEF (Solution Systems), C. Wolf, Sep 87, 
123-125. 

C-macs (UniPress Software), A. 

Filipski, Nov 87, 93-97. 

Command Plus (ESP Software Systems), J. 
Kronman, Nov 87, 103-113. 

C-Scape and Look & Feel (Oakland Group), 
S. Lewis, Dec 87, 108-115 

HELP/Control (MDS), C. Johnston, Mar 
87, 158-159. 

Instant Replay (Nostradamus), M. Paxton, 
Jan 87, 128-132. 

MacNosy (Jasik Designs), M. Underwood, 
Apr 87, 133. 

Marshal Pascal (Marshal Language Sys- 
tems), M. Gayman, Sep 87, 103-108. 

Micro C-Shell, Micro C-Tools, Micro Make 
(Beckemeyer Development Tools), R. Rod- 
man, Jan 87, 138-143. 

Modula-2 (Logitech), W.P. Keuffel and W.J. 
Schaller, Dec 87, 101-105 

Objective-C (Productivity Products Interna- 
tional), C.D. Marshall, Apr 87, 141-142. 

Opal (The Software Factory), G. Grimes, 
Nov 87, 98-102. 

Pascal-2 (Oregon Software), M.Gayman, Sep 
87, 110-114. 

The Productivity Tree (Programming Tech- 
nologies), H.F. Beechhold, Jun 87, 
149-150. 

/rdb (UniPress Software), G. Hillerson, Apr 
87, 146-151. 

Repertoire (PMI), W. Keuffel, Sep 87, 
118-119. 

SourcePrint (Aldeberan Laboratories), A.L. 
Zeichick, Dec 87, 115-118 

TMS (Wolf Pak Research), J. Kyle, Dec 87, 
105-108 

Turbo Optimizer (TurboPower Software), D. 
Hall, Sep 87, 119-121. 

TURBOsmith (Visual Age), J. Powell, Sep 
87, 122-123. 

The Visible Computer: 8088 (Software Mas- 
ters), J. Lindsay, Jan 87, 134-138. 


NEW! TLIB™ 4.0 
SOURCE CODE CONTROL 


The best keeps getting better! 


The critics Joved TLIB 3.0... 

«...packed with features... [generates deltas] 
amazingly fast... [of the 6 reviewed] the two best 
packages are Burton Systems’ TLIB and [a $395 
product], so designated because of their ease of 
use, abundance of features, and ability to be 
configured...". PC Tech Journal Sept 87 


“has my highest recommendation.” Ronny 
Richardson, Computer Shopper Aug 87 


e The fastest, most powerful system is now even faster! 


e Many new features! Expanded keyword support. Multi- 
line comments. Branching, for multiple development lines. 
Extended wildcard and list-of-file support; creates lists by 
scanning source code for includes. Can merge (reconcile) 
multiple simultaneous changes and undo intermediate 
revisions. Network and WORM optical disk support. 

e Includes a copy of Landon Dyer’s excellent public domain 
MAKE utility (with source code for DOS & VAX/VMS). 


PC/MS-DOS 2.x &3.x Just $99.95 + $3 s/h Visa/MC 
BURTON SYSTEMS SOFTWARE 
P. O. Box 4156, Cary, NC 27519-4156 
(919) 469-3068 
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Write for 
Computer Language 


May: Object-Oriented 
Programming 
Deadline: Jan. 15 


June: 


Productivity Tools 
Deadline: Feb. 15 


July: 08/2 


and the 386 
Deadline: Mar. 15 


Send your proposal, outline, 
or draft to: 
Regina Starr Ridley, Editor 
Computer Language 


500 Howard St. 
San Francisco, CA 94105 


The Window BOSS 


Pop-up windows, pill down menus, status lines, and 

in context online hel} can be easily implemented. Your 
applications can drag windows around the screen and 
automatically sense the installed video card -- all this 
without snow, flicker or delay! 


Tim Parker's column in the Feb. 1987 issue of 
Computer Language stated "the ease of use will cause 
some programmers to go overboard with windows", 
and "if you are a die-hard C programmer looking for a 
useful, license-free product, this is it". 


COMPILERS SUPPORTED 


Borland, Microsoft, 
Lattice, Computer Innovations, 
Datalight, Mark Williams Lets C 


The Window BOSS supports PC/MSDOS for 
IBM PC/XT/AT and Compatibles 


The Window BOSS will accelerate the development of system 
and application programs in the "C" Language. The BOSS will 
let you create programs that have the same look and feel as the 
top selling spreadsheet, database, and windowing products. 
All this and source code too for only $50.00 (Shareware disk 
$15.00). 
Star Guidance Consulting, Inc. 
273 Windy Drive, Waterbury, CT 06705 


(203) 574-2449 


CALL 800-448-8500 
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NEVER GO BACK TO 
YOUR C REFERENCE 
MANUAL AGAIN! 


AVDOC-C™ on-screen reference manual 
pops up on your PC screen whenever you 
need it! At the push of a button, you will 
have the information you need on C syntax, 
standard C library functions, and more. An 
on-screen calculator evaluates expressions 
for you in both decimal and hexidecimal 
and does ASCII character conversions. 
AVDOC-C gives you instant information 
on K & R standard C and ANSI extensions. 
Also available for 8051 and Z80 assembler 


languages. ONLY $49.95 


AVOCET 


SYSTEMS, INC? 
Software Development Tools for Industry 
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125 


MINIMIZE TURBO PASCAL DEBUG TIME 
Tmark allows Turbo to continue compiling 
after an error is found without returning to 
line one. Tmark can save and restore Tur- 

bo’s state during a compilation. As each 

compiler error is found you can fix it and 

continue compiling. Saves are made auto- 

matically before compiler errors or at lines 
designated with a {tmark} comment. 

Tmark dramatically reduces debug time. 

Once you try it you will never want to give 
it up! $80+$2 s/h, VISA/MC. 

TANGENT DESIGNS 

P.O. Box 896, Lake Forest, IL 60045 

(800) 356-2750, (312) 295-0030 
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MULTITASKING/PROCESSING 
TURBO PACKAGE for Turbo Pascal al- 
lows 640K progs/computer. Any MIMDA 

setup. Network with a modem or 

RS232/422. Easy to use. 90-day money- 
back guarantee. TP-640K $59.95, TP- 
640K-TASK $89.95, TP-640K-TASK- 
NETWORK $189.95. +tax+shipping 
(USA $5, Foreign $10). 
VISA, M/C, or COD. 

Conversational Computer Systems 

| 5371 Verbena Rd., San Antonio, TX 78240 
(512) 692-0353 
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FUTURE86, THE LANGUAGE 
Variable level, extensible, rommable lan- 
guage gives complete control. Including 
80186/88. Simple syntax. Easy program- 

ming. Compact code. Easily optimized for 
speed or size. Interactive debugging facili- 
ties. Library source available. Investigate 
FUTURE86...world classs! Used in thou- 
sands of applications. Prices start at $349. 
Development Associates 
1520 S. Lyon, Santa Ana, CA 92705 
(714) 835-9512 


‘CIRCLE 90 ON READER SERVICE CARD 


OPT-TECH SORT/MERGE 
Extremely fast Sort/Merge/Select utility. 
Run as an MS-DOS command or CALL 
as a subroutine. Supports most languages 

and filetypes including Btrieve and 
dBASE. Unlimited file sizes, multiple 
keys, and much more! MS-DOS $149. 
XENIX $249. 
Opt-Tech Data Processing 
P.O. Box 678, Zephyr Cove, NV 89448 
(702) 588-3737 
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CROSS ASSEMBLERS 

UNIVERSAL LINKER, LIBRARIAN, 
PC/MS-DOS, VAX VMS/UNIX 
w Fast Version 2.1 
w Targets 30 microprocessors 
@ Macro, relocatable or absolute 
@ Binary or ASCII hexes 
@ Conditional assembly 
Enertec Inc. 
19 Jenkins Ave., Lansdale, PA 

(215) 362-0966 
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ASSIFIED CONNECTION 


BUILD MODERN-STYLE PC USER 
Interfaces fast with SKILIGHTS. This 
front-end development tool saves months 
and comes with efficient run-time man- 
ager. Standardize screen design. Text- 
string I/O, data entry screen, mice, light 
pens, digitizers, full color. ASCII graphics, 
enhanced graphics, icons, windows, menus, 
more. No coding or run-time fees. Import 
screens. Make demos and tutorials. 
The Report Store 
diy. of Ergosyst Associates 
910 Massachusetts St., Suite 602C 
Lawrence, KS 66044 
(913) 842-7348 
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ROM 8086 CODE 
ROM KIT locates EXE modules devel- 
oped on a PC. ROM KIT is ROMable so 
8086 developers can use existing linkers, 
compilers, etc. to embed EXE format files 
in applications. Bonus HEX-DUMP utility 
& HEX-ASCII formatter. No Royalties. 
$95. VISA, MC. 
LUCTOR Corp. 
21436 N. 20 Ave., Phoenix, AZ 85027 
(602) 864-1298 
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INLINETOOLS 2.0 
Turbo Pascal inline programmers! Now 
you can write at ease DOS/BIOS calls, 
critical statements, and procedures in tight 
and fast assembly code right into your 
Turbo Pascal program text. No more 
DEBUG and MASM. Just write assembly 
code as comments, and let IT append in- 
line machine code for you instantly. 
$65+$4 s/h. 
Jou Laboratories 
P.O. Box 5059 
San Luis Obispo, CA 93404 
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FASTER THAN THE FASTEST C 
mw On the PC4000, run C four times faster 
than Microsoft C 
w Full K&R standard C with extensions 
mw PC4000 PX/XT/AT board runs 5-10 
MIPS 
w PC4000 is 25 times faster than AT 
g Ideal for image processing and control 
g Forth and assembler also available 
@ From $1295 for PC4000, 
$595 for SC-C 
Silicon Composers 
210 California Ave., Ste.K 
Palo Alto, CA 94306 
(415) 322-8763 
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This space could be yours 
I 


Call today for details 
(415) 397-1881 
(216) 493-8733 
(617) 232-5470 


INCREDIBLE ASSEMBLER BARGAIN! 
Turn your PC into a development system 
with this one-time offer of five sophisticat- 
ed cross assemblers for less than the price 
of one! For just U.S. $150, you will get: 
Z80ASM—for Z80 microprocessor family 
85XASM—for 8080/8085 microprocessors 
96XASM—for MCS-96 microcontroller family 
51XASM—for MCS-51 microcontroller family 
48XASM—for MCS-48 microcontroller family 
Send for more information today! 
LEAR COM COMPANY 
2440 Kipling St., Suite 206 
Lakewood, CO 80215 
(303) 232-2226 
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SCREEN MANAGER 
MENU, WINDOW, and DATA ENTRY 
Support for the Professional Programmer! 
Interfaces to most languages. BASIC, C, 
FORTRAN, COBOL, Pascal, assembler. 
100-Page Manual. 30-day money-back 
guarantee. No royalties. From $79. 
VISA/MC. CALL FOR FREE DEMO 
The West Chester Group 
P.O. Box 1304, West Chester, PA 19380 
(215) 644-4206 
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EDITINGTOOLS 2.1 

Now you can have a slick full-screen mul- 

tifile text editor for only $35. Enjoy the 
ease of editing many files at once and the 
freedom of moving text among files. File 
sizes are limited only by memory. With an 
easily reconfigurable keyboard and a con- 

venient multidirectory DOS shell. Opti- 
mized Turbo Pascal source code is avail- 

able for $99 more. Add $4 for s/h. 
Jou Laboratories 
P.O. Box 5059 
San Luis Obispo, CA 93404 
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FINALLY... 
A Computer Books Catalog For Profes- 
sionals! Does your work depend on timely, 
state-of-the-art information? If so, you 
need the 1987 Prentice-Hall Professional/ 
Technical/Reference Catalog: Books for 
Computer Scientists, Computer/Electrical 
Engineers and Electrical Technicians. 
Prentice-Hall, the leading publisher of pro- 
fessional reference books, is pleased to 
make its vast selection of titles in com- 
puter science, computer/electrical engi- 
neering and electrical technology more ac- 
cessible to all professionals in these fields 
through this special catalog. 
SPECIAL OFFER: Order your copy of 
the 1987 Prentice-Hall Professional/Tech- 
nical/Reference Catalog for only $2.00 
and receive $5.00 off your first book pur- 
chased from this catalog! 
Prentice-Hall Publishers 
College Marketing Department 
Englewood Cliffs, N.J. 07632 
Attn: Mary Colt 
(201) 767-5937 
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LEARN C ON TV 
Learn C quickly and easily with the video 
training course “A Programmer’s Intro- 
duction to C.” Course includes 3% hours 
of video instruction and a 115-page book- 
let. Cost: $400. A free 15-day 
review available. 
Berkeley Decision/Systems 
803 Pine St., Santa Cruz, CA 95062 
(408) 458-0500 
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COMPILED BASIC TOOLS 
We now carry a complete line of libraries 
and tools for compiled BASIC in addition 
to our FINALLY! series. Get our catalog 
of top brand products for compiled BASIC 
by calling: 
(800) 423-3400 (9 a.m.-8 p.m. EST). 
KOMPUTERWERK INC. 
851 Parkview Blyvd., Pittsburgh, PA 15215 
PA & AK call (412) 782-0384 
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ROMABLE CODE ON PC! 
PCLOCATE allows PC users to develop 
ROM.-based software from MS-DOS EXE 
files. The user specifies the physical loca- 
tion of all segments. Output files are com- 
patible with most PROM programmers. 
PCLOCATE supports the 8086, 8088, 
80186, 80188, and 80286 processors. 
MC/VISA. 

ALDIA SYSTEMS INC. 

P.O. Box 37634, Phoenix, AZ 85069 
(602) 866-1786 
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35MM SLIDE FROM YOUR PC 
COMPUTER SLIDE EXPRESS converts 
graphic files produced on the IBM PC into 
brilliant 35mm color slides with color reso- 
lution 400% better than your monitor. 
Leave your printouts behind. Use high-res- 
olution color slides up to 4000-line. COM- 
PUTER SLIDE EXPRESS $9/slide. 
VISUAL HORIZONS 
180 Metro Park 
Rochester, NY 14623 
(716) 424-5300 
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CBASIC, CB80, CB86 users: 
Convert your Cbasic and Cbasic compiler 
programs into C with MB86! MB86 sup- 
ports Access Manager, Display Manager, 

and allows your new C programs to use 
existing data files. Versions of MB86 are 
available for microsoft C, Turbo C, and 

Aztec C. Call or write for more 

information. 
Minnow Bear Computers 
> P.O. Box 2233 Sta. A, 
Champaign, IL 61820-8233 
(217) 344-1113 
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TURBO-TO-C TRANSLATOR 
Turbo-to-C Tools $495: 
w Pascal-to-C module maker 
w Denesting Preprocessor 
gw 99+% Translator 
@ 4C Source Libraries 
@ Tutorial manual 
@ 512K, MS-DOS compatible 
@ Other Pascals, too! 
TGL Ine. 
27096 Forest Springs, Corvallis, OR 97330 
(503) 745-7476 : 
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STOP PROGRAMMING 

Turbo Pascal data bases by hand. With 

Turbo GhostWriter you use our screen 
editor to draw and paint your screens, de- 
fine your indexes and that’s all! No ques- 

tions to answer. No new languages to 
learn. Automatic documentation. Auto- 
matic context-sensitive help screens. Lots 
of hooks built in for modifications. Comes 
complete with easy-to-use instruction man- 
ual, network compatible B-tree file man- 
ager, screen editor and painter, documen- 
tation utilities. MC/VISA/Choice, check, 
PO, COD. Dealer inquiry invited. 60-day 
guarantee. Demo available. 
~ASCII 
(Automated Software Concepts 
International Inc.) 
3239 Mill Run, Raleigh, NC 27612-4135 zy 
Orders /information (800) 227-7681 


TURBO PASCAL $2.50—DISK 
TSS, the “BBS-by-mail.” 135+ disks of 
compressed files. Membership fee ($25) 

includes starter package + 2 FREE disks 
with first order. Cat list $5. Anniversary 
sale: $250 for full membership PLUS full 
‘library through disk 150. VISA/MC/ 
COD (non-U.S. add $10, U.S. funds 
only). Call our on-line BBS: 
(617) 545-9131. All files on line! 
Turbo Source Search 
P.O. Box 876, Scituate, MA 02066 
(617) 545-6677 
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DEVELOPERS, NOW AVAILABLE! 
Sof-Tel Inc., in their goal to provide inno- 
vative Software Solutions, now has ready 
for you two new IBM PC software pack- 
ages. Do you need Modem dialing and in- 
terrupt Comm port support? Get AUTO- 
DIAL! User-definable script files allow use 
with many modems. Send $49.95 plus $3 

P&H. Also available, STAGE2-PC, the 
PC version of the mainframe macro pro- 
cessor STAGE2. Disk plus printed manual 
only $49.95 plus $3 P&H. (Florida resi- 
dents add 5% sales tax.) 

Sof-Tel Inc. 

P.O. Box 5116, Lighthouse Pt., FL 33074 
(305) 942-6671 
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INSTANT ACCESS 
to any directory without typing full path 
names. The COMMAND System auto- 
matically generates Short Names for every 
directory. Fast programs; many functions 
DOS forgot. Includes super programs to 
show files and directories. Fantabulous 
SEARCH Program that searches ASCII 
or Word Processor files. 30-day Money- 
Back Guarantee. Buy Now at the Special 
Introductory price of $75. Send Check or 
Call Now with your VISA or MC order. 
Free U.S. shipping. ia 
CompuMagic Inc. : 
P.O. Box 437, Severn, MD 21144 
(301) 969-8068 
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TURBO PASCAL 
_ AND TURBO C... 


MEET 
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“Ideal! TurboHALO does the job 
comparable to packages costing 
$3000 to $4000.” 

Jim Bromley 
Superintendent of 
Spectrum Management 


“T like the speed of 
TurboHALo...it’s ten times faster 
than the competition.” 
Deniz Terry 
Doctoral Candidate 


“TurboHALO is so fun... 

I use it to design 
programs as a hobby...It’s got 
lots of ability.” 
William Porter 
Control Systems Manager 


“We evaluated all of the graphic 
development packages for Turbo 
Pascal, and TurboHALO was the 

hands down winner!” 
Quinn Curtis 
Largest New England Distributor 


GRAPHICS 


PROGRAMMING 


It’s time to put graphics 

into your programming. 

A picture’s worth a thousand words. 
So your programming isn’t complete 
_until you have graphics. TurboHALO 
brings your screen and printer to life 
with subroutines that draw, chart, map, 
and display. All with color, shape, 
clarity, perspective and motion. With 
TurboHALO, create any picture you 
can imagine. 

TurboHALO gives you 

graphics power. 

TurboHALO gives you everything you 
need for Turbo C and ‘Turbo Pascal 
graphics programming. A library of 
over 150 graphics subroutines. Drivers 
for over 42 graphics hardware devices 
for the IBM PC family and compatibles. 
You can create the images you want, 
on the hardware you have! 

Fast, proven and reliable. 
TurboHALO is up to ten times faster 
than other graphics toolkits. And with 
TurboHALO you get proven, reliable 
programming tools used by 
professionals for years. 

You'll like TurboHALO or your 
money back! 

TurboHALoO is available for only $95. 
You get an unconditional 45-day 
money-back guarantee on TurboHALO. 
To order, call your dealer or IMSI at 
(415) 454-7101 or (800) 222-4723; in 
CA (800) 562-4723; in Washington DC 
(202) 363-9340 or in NC(919) 854-4674. 
Ff eee ee ee a | 


YES, I want to see the difference 
TurboHALO makes in my graphics 
programming! Rush me the following 
TurboHALO Graphics Toolkit(s) @ $95 
each plus $3 shipping. California 
residents add 6% sales tax. 
O1 TurboHALO for Turbo Pascal 
QO TurboHALoO for Turbo C 
> OCheck enclosed for $ 

(made payable to IMSI) 
Ocharge my credit card 

for§___ sO visa 0 MasterCard 


Signature 


Card Number Expiration Date 


Name 


Title 
Company 
Street 


City State "Zip 


li 
CL 12/87 


Mail to: 
IMSI, 1299 Fourth Street, San Rafael, CA 94901 


TurboHALO requites 256K memory (min); memory resident drivers require 2K (Turbo Pascal only); DOS version 2.0 or higher; Borland language/compiler req uired. TurboHALO is a trademark of. 


Media Cybernetics and IMSI. Turbo C and Turbo Pascal are trademarks of Borland. 
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PRESENTING THE DIFFERENCE BETWEEN 
FAST COMPILING AND FAST PROGRAMMING. 


For compiling speed, 
you can’t do better than 
Let’s C. But to really 
speed up programming 
you can’t do without the 
powerful source level 
debugger, csd. 

If you want the 
power, portability and flex- 
ibility of C, start with the 
complete compiler, Let’s C. 
For utilities, editor, compil- 
ing speed and fast, dense 
code, Let’s C has it all. 

But to get your pro- 
grams up and running you 
need more. Because even the fastest compiler 
can’t outrun bugs. You need the revolutionary C 


REVIEWERS ARE 
RAVING ABOUT 
LET’S C AND csd. 


“Let's C is.an inex- 
pensive, high-quality 
: programming package... 
with all the tools you will 
need to create applications.” 
—William G. Wong, BYTE, 
August 1986. 

“The performance and 
documentation of the $75 
Let’s C compiler rival those 

of Compilers for thePC 
~ currently being sold for 
$500... highly recommended...” 


Source Debugger 


LIMITED TIME | —Marty Franz, PC TECH JOURNAL, August 1986. 


Source Debugger, csd. OFFER “csd is close to the ideal debugging environ- 
CUT DEVELOPMENT TIME IN HALF FREE csd ment...a definite aid to learning C and an ~ 
WITH csd _| WITH LLET’S G! | itdispensable tool for program development.” 


csd lets you bypass the time consuming frus- 
trations of debugging—like long dumps and clunky 
assembler. With csd, you actually debug in C. You learn 
faster because you watch your program mun in C. You 
finish faster because csd combines the speed of a compiler 
with the interactive advantages of an interpreter. The end 
result? Development time is sliced in half. 


LET'S C AND csd FEATURES 


e For the IBM-PC and Compatibles 
~~ e Not copy protected 


Sieve Benchmark 

(Compile time in seconds) 

Let's C: 2.8 (On 512K 6Mhz IBM-AT) 
Turbo C: 3.89 (As advertised) 


e Debug i in nC source code, not 
assembler 
e Monitor variables while 
tracing program 
e Fast compact code plus register e Does not change program speed 
variables or size 
© Full Kernighan & Ritchie C and e Provides separate source, eval- 
extensions uation, program and history 
e Full UNIX compatibility and windows 
complete libraries © On-line help screens 
e Many powerful utilities including ¢ Can interactively evaluate“any 
make, assembler, archiver, cc one- C expression 
step compiling, egrep, pr, tail, we e Can execute any C function in 
 MicroEMACS full screen editor your program 
with source included: 
© Supported by dozens of third 
party libraries 


e Trace back function 
e Ability to set trace points 
e Not copy protected 


—William G. Wong, BYTE, August 1986. 


“This is a powerful and sophisticated debugger built on a 
well-designed, ‘serious’ compiler.” 
—Jonathon Sachs, Micro/Systems Journal, April, 1986 


START TO FINISH, THERE’S NO 
BETTER ENVIRONMENT. 


Get started with the right C compiler and you'll have 
everything you need for development—including source 
level debugging. On top ofit all, Let’s Candcsd are today’s 
best values in professional C programming tools. And 
most reliable: Mark Williams C compilers have been sold . 
with DEC, Intel and Wang computers since 1981. 


60 DAY MONEY BACK GUARANTEE 


Mark Williams gives you a full 60 days to find out just 
how good Let’s C and csd really are—or your money back. 

So if you want more than a fast compiler—if you want 
your programs up and running fast, ask for Let’s C and 
csd. You'll find them at your software dealer’s, in the soft- 
ware department of your favorite bookstore, through the 
Express Program at over 5500 Radio Shacks or you can 
order now by calling 1-800-MWC-1700.* 
“In Ilinois call, 1-312-472-6659. 


Mark . 
(th) Williams ° 
Company 


1430 West Wrightwood, Chicago, Illinois 60614 


© 1987 Mark Williams Company 
Let’s Cis a registered trademark of the Mark Williams Company. 
UNIX is a trademark of Bell Labs. 


MARK WILLIAMS LET'S C AND csd. ONLY $75 EACH, 
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